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^VsTi'MlC IXFKCTIONS OF RUBUS WITH THIi ORAXGF- 
' ' RUSTS ^ 

By B O Dodgu 

Piithologisf, FT'.dt-Disea.fe Itnesligaiions, !:lu}cau of I'lini hulushy. 

United SUiiex Department of A(j} i'Aillnrc 

JNTRODT’CTION 

C'.iUivalion of some of the most desirable vaiieties of blackberries and 
7 is*il)erries has been limited or discontimicd in certain rej^ons because 
(i !he orange-rusts which inhibit the development of fruit on the canes 
inicctcd. l.ocal infection of leaves of blackberries by sowing aecidio- 
;v.iircs of the long-C)'cled orange-rust, Gyannoconia, has been brought 
alioi't b\' a number of persons. Reference to such -work as has been done 
this line has been made by Clinton (j, 4)^ and Kmikel (7). 

1 he problem of \yorking out practical methods for the control of these 
iiowcver, depends upon a knowledge of when and how the gameto- 
;,ii\uc mvcelitim enters the host and becomes established as a constitti- 
lii-iial parasite. The results of infection experiments dealing with this 
'iroiilcm are reported at this time. 

The common blackberry has perennial roots from which canes arise 
venr bv vear, those of one year bearing fruit the next. The turions 
a]'.])ear in the spring from the buried crown or from root runners and 
Iktothc the “old canes’' of the next year, dying after fruiting. The new 
caties are of the type having indefinite growth; therefore the formation 
of a tcnninal bud which would remain dormant during the winter and 
p’jsh out into new growth the following spring would be very unusual 
and abnonnal, although lateral buds at the lower part of the old cane 
frequently develop into new branches. The crown usually lies a few 
inches beneath the surface of the soil, and consequently there is a part 
uf the original cane which lives several years. As new shoots and roots 
arise from this structure it loses its identity. Nurserymen would refer 
tn that part of the cane beneath the soil simply as the crown because 
new canes arise in this region. It may also be referred to as the per- 
ennial base. Figure i shows these features diagrainmatically for a sim- 
a’e plant (see also fig. 5). The structure of the cane and the relation of 
I's lissuc.s as they appear in cross-sections are brought out in Plate 2, lb 

HOST parasite relations 

In dealing with a rust w^hich is perennial and systemic in a woody 
plant, it is desirable to be familiar w-ith the appearance and distribution 
'"'I the inyediura. The sporophytic hyphae of the Gymnoconia arc con- 
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fined to the leaves in localized areas. The gametophytic hyphae become 
established in the perennial plant structures, from whicii they invade the 
new canes throughout their length and finally take part in the formation 
of aecidiospores. Newcombe (8) and Clinton (j) have given practicallv 
the only accounts which deal with the mycelium and haustoria of the 
orange -rusts in the host tissues. Both authors used the infected black- 
berry as the subject of investigation. Newcombe did not study sections 
of the roots, confining his attention to i6 cm. of an infected blackberry 
cane. He discovered that the bulk of the mycelium was to be found in 
the pith of the stem, noting hyphae in a medullary ray at one place 
Clinton found mycelium in the fundamental tissue of the growing poin^ 
and although in 'old stems the hyphae were confined to the pith, thev 
sometimes occur in the cortex and in the phjoem of the bundles in youn^ 
and growing shoots. He states that 

mycelial threads are present from the upper parts of the roots running throngli ik 
stem into the uppermost leaves showing signs of infection . Frec|uen[ly 

plants are found in which the new shoots are affected but the old ones are free, k 



such case the mycelium is found in the former only * * *. Sections of roots, 

cent in the neighborhood of the merging of root and stem, do not show the mycelium 


Intercellular hyphae without septa or nuclei and the simpler types oi 
haustoria are figured. 


MYCEUUM IN THR blackberry 

Clinton’s account of the distribution of the mycelium is correct id 
general if applied to blackberries which have been infected for at lea^ 
two years, except when he states that die roots of an infected plant do 
not show any mycelium other than in the transition zone where root anc 
stem join. The writer has found that hyphae invade the roots ot tne 
blackberry very extensively, a fact wdiich accounts for the rapid 
of the [larasite to new shoots which rise from the roots. The blai 
fonns a few large roots, some of them becoming runners which 1)>„^ 
ding give rise to new plants at some distance from the parent, m ' 
runners are true roots morphologically, their structure being the 
that of the ordinary root of the blackberry. If one carefully uproots fus 
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kUrries growing together in nature, he often finds several infected 
black i^tt^ched same root. The writer has made sections of such 
root runners and has found an abundance of mycelium in 
coniiec^ ^g^r^, rays, in the phloem near the cambium, and in the cortex 
the me ‘ runner extends. Ordinarily but little 

will' be found in the woody portion of the roots except along 
T' medullary rays. More rarely hypliae are scattered irregularly in the 
1 this usually occurs in the case of recent primary infection of root 
bv spores where there has been an increase in the amount of 
^^'roiis uood tissue formed as the result of the late invasion of the root 

hv the parasite. , . , 1 • 1 

The distribution of the mycelium was traced in the canes and m the 
I it svsteni of a certain colony of infected wild blackberries at the time 
^/vear when rust pustules were maturing. There were found at a point 
ill lig 2) the remains of dead canes in the form of a witch's broom 
cl'-iracleristic of plants infected by this rust. Large roots extended 
downward into the soil. From one root which was of the runner type 



I :.-Diaxrani ol a serips of wild blackberry plants April, ign, ansmi; from the same root runner (part 
^hdWTi here about 6 feet long). A, dead canes of 1919 plant in form of a witch s broom; B. old^ne (heav> 
bie. and new shoots showing rust; C. stub of dead cane, new shoot nisled, D, old cane m blMSom not 
ninwi; K, witch's broom consisting entirely of new shoots; sections of the regions i, 3, 4. and s ^tne 

riKji showed hyphae in the phloem and corlex. 'The plant I) escaped infection through some accidental 
mM-tc of the root inycdiuin to penetrate the shoot bud in Lime. 


iittv sh(,K;ts and old canes (B), now rusted, w^ere arising at a distance of 
!■? inches. At C, lO inches beyond, another plant, composed of rusted 
dutois, w'as attached to the same root; the old cane had died. Two feet 
iitnhtr fD) the plant from the runner consisted of one old cane in blos- 
som and free from rust. At E, 14 inches distant, was a witch’s broom 
of iiiR'cted new shoots. Sections w^ere made of the rc)ot runner at points 
on both sides of each plant; mycelium was found in the phloem and 
C'lrtex in every case, demonstrating clearly the method by which the 
rust sjiread through the root system. Hyphae have been found in the 
<r(linarv tyjic of root 18 inches below the ground. A plant arising from 
ruriiier bearing mycelium may rarely be devoid of rust (plant D noted 
.;.bovc) due to the failure of the mycelium to enter the shoot at the time 
^ Its origin, just as rust-free canes are found in an infected hill. If 
itho rust enters a shoot bud from underground parts, hyphae wall later 
b- I'Hind only in the pith of the cane, except at the nodes. In these 
R'^lioiis livphae may grow along the rays or outside of the wood ring. 

Lie blackberries studied in the vicinity of Washington, D. C., and at 
thmeron, X, C., were infected with the short-cycled rust. Specimens of 
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Ruhus canadensis, mountain Ijlackberry, from Bartlett, N, H., , 

with the long-cycled Gymnoconia show that the gametophytic rrivcc^i-t! 
of this rust spreads throtigh the root runners in the saine niarj^^ f 
that (A the short-cyelcd form. 

!.!VCEUUM IX THE DEWBERRY 

d'lic rusi .'.'.preads in the wild dewberries in a totally diffcreiu 
The trailing vines of the dewberry take root at the nodes or at the 
and the mycelium in an infected plant, though confined to the 
the dilTcrcnliatC'd region of the vine, fellows the growing point and enters 
the buds as they are formed, so that new plants originating at ihtsf 
rooting nodes arc infected from the beginning, Hyphae are prescnui 
that part of the stem which is buried in the soil, and, contrary to vAx 
might be expected, there is considerable extension of the myceliciri 
the root system. Sections of a dewberry infected with the shoi t-evde: 
rust showed mycelium in the roots for a length of at least 8 to lo incht^ 

The course of the mycelium \vas also followed in the root svsta?, ■■ 
a wild dewberry infected with the long-cycled rust. No mycciiiun v,;.> 
found in the innermost wood ring. Hyphae were abundant in the 
sues of the other rings, especially along the rays. The hanstoria r;rc 
often provided with short, mure or less twisted and inlerrivined branch^ 
in this case they are composed of several cells, each cell with a dr.pe 
nucleus. Such complex haustoria arc more in the nature of intraceili:!::: 
hyphae, and nearly fill the cel] attacked. The hyphae branch out in if; 
directions on reaching the cambium and sieve tubes. Longitudinal av 
tions show that the parasite advances toward the tip of the root alwii- 
the cambium and phloem, certain hyphae growing out radially as ‘it.e 
root increases in size. The presence of mycelium throughout the woaiv 
tissues of these roots docs not mean that the fungus can invadu ire 
wood , once the xylem is laid down. Hyphae originally present abn; 
the inner side of the cambium layer are simply cut off, or surrounded, 
by new wood cells. The mycelium now forms an intricate network i'v 
which hyphae in the phloem and the living medullary rays are in rlireoi 
connection with that part of the mycelium in the wood, so that it is no! 
surprising to find hyphae fully alive embedded in the wood of old U'i'is. 
Passing from the primary to the secondary and tertiary roots, the inv- 
celiiim is more and more confined to the outer part of the wood cylinder 
and phloem, until in the smaller rootlets i year old the ivriter k'nnd 
hypliac only in the soft tissue outside of the wood cylinder- that s- 
along the cambium, phloem, and in the cortical parenchyma— indicat- 
ing that practically all forward growth of the fungus takes place in th 
latter tissues. Certain roots of an infected plant may escape iuva^iOD 
by luyceliuin, and rust-free vines in such hills are not rare. 

MYCEEIUM IN BEACK RASPBERRY 

Theoretically, the habit of the black raspberry cane which enabk?*! 
to develop into a stolon which roots at the tip ought to serve admira'-!* 
for the distribution of the long-cycled rust to new plants. In order''' 
learn whether this were true, several rusted wild black raspberries have 
been marked and observed for three years. Not infrequently the riiAV'^ 
plants are so severely attacked as to die the second or third year. Again, 
the canes in the infected plants are of the witch's broom type and 
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.re not apt to become stolons and take root. In such plants the disease 
out” because its host dies. Occasionally, some of the infected 
recover vigor and become stolons, in tvhicli ease the mycelium 
from the stolon into the buds which arise to make new shoots at 
:jC [Miint of rooting, thus spreading the disease to new plants. Sec- 
r.f the internodes of infected canes and of such stolons liave always 
luvoelitnn in the pith, none in the phloem or crnnbiimi. I< urtlicr 
o' :>idi.nuion tvill be given this point in another connection. The dis- 
of the hyphae in the underground parts of the infected black 
Ijj.riiurv is practically the same as that found in the blackljcrry and 
'(ir.nerrv, except that hyphae are very much more abundant in tlie 
i,!-,,,dy tissues of both roots and stems of the raspberry, (hie Idack 
Irsuhcrry examined had been under observation for three years. Scc- 
T- t'i the large vertical underground stem bases from ^vhicil the spiiid- 
llit' ■ c.ines were now arising, show'ed mycelium in the pith, scattered 
lirr'.-i'arh- ilirough the wood and along the medullary rays in the xvlcm 
..ill [hJeein regions. No hyjjhae were found in the well-marked pith 
(.;■ t!iV much enlarged and distorted rhizomelike structure from which 

j- \;crc growing. 

: the largest roots W'ere only about i foot in length. The fungus was 
f. iatl throughout the wood, and especially along the rays for a distance 
<: .• iiichcs in one root; and the presence of hyphae was demonstrated 
Ik - .iU other roots, each cut at about 3 inches from its point of origin. 
I’a U’.cl that the dewberry and black raspberry are not propagatcii by 
r- rjirouts precludes the possibility of the spread of the disease through 
X':w rtioi.s. It is clear that the invasion of the roots by the mvcclium is 
a ';:at:cr of nutrition and is not correlated with the spread of the 
di voc. as one might be led to believe if only the Idackbcrry were 
isr.;ik’'.l. 

[ Aiiliuugh the orange-rust has been reported on tim red raspberry, 
kri'^osus, the writer has been unable to obtain soecimens for an 
|ir.vc>tigatioii of the distrihiitiou of the mycelium of tlie svstemic stage 
iii! il;is host. 

|].' AAI, !.\FHCTI()N OF RUHUS WITH ArvCIDrOSPOP.i’:s O!' THIC FOXO- 
I CYCLED RUST, GVMNOCONIA INTERSTITIALIS 


i hi (iidcr to obtain a supply of teleutospores for experimental pur- 
T'W', it was found desirable, i'or example, to infect the black ra.spberry 
s'wi'ig aecidiosporcs ctf the Gymn(.)conia from this host, U is well 
tnai young apple leaves arc much more liable to infection by the 
ICC i.c rust than are the older or more mature leaves. U was vrith this 
itt- rr.rrl, as well as to obtain shorter plants for iiiooiiiat;‘,-n, that the 
at lirst purposely pruned away the old canes in the ;-otteci plants 
ih<: greenhouse work. Plants in nature having young shoots on 
'yPe:! n;aves were just unfolding were, cliosen in prcfcrci;ce to those with 
Pc old cancs present or with leaves that were more full}- grown. J'ulg- 
I':- noui the results which followed, both practices were unwise, : ince 
It found that the leaves on the old canes and the lower leaves on 
c frequently bore telia, while tlie lea\e.s which were just 

Ciia'i.-iiiig at the time the spores were sowed rarely l)cca!iic infected. 

• repeated the two following years, and in each 

p' dio tip ends of the raspberry canes were tagged at the ])oints where 
just beginning to unfold. Below the togs the leaves 
't:c Jaily expanded. Furthermore, the old cancs were not cut away, 



214 Journal oj Agricultural Research Voixxvs 


so several types of leaves with respect to age and position on the cm 
were exposed to infection. The leaves on the old canes were the 
susceptible each year. 

Leaves of the black raspberry were infected with the telial sta^e b- 
sowing aecidiospores from the blackberry, and the southern dewberry 
Rubus enslenii, was likewise infected by sowing aecidiospores from the 
black raspberry. Other species or varieties of Rubus said to be immune 
or at least very resistant, to the orange-rust stage v\Tre infected «it^ 
the telial stage. 

The conditions under which leaves of Rubus are most readily iniectt^ 
witli the sporophytic or “ Puccinia peckiana" stage is outside the scope 
this paper. This phase of the work is being considered in another paper hs 
the effect of orange-rust on the development and distribution of stomnii 

SVvSTEMiC INFFXTION OF RUBUS OCCIDENTAUIS WITH SP0R1DI.\ Of 
THE LONG -CYCLED RUST 

In infection experiments with the systemic stage of these rusts, the 
ordinary means of checking results by the use of isolated control planii 
alone does not jjrovide sufficient safeguard. No one can explain t 
account for the results reported by Atkinson (2) on any other 
A blackberry or raspberry may be infected in its underground par'j. 
without showing the rust on the aerial parts every year, so it would k 
unsatisfactory to use as experimental plants those which have just bee: 
received from a nursery or have been dug up in nature. An inlccied 
plant may be transplanted during the spring before the leaves arc 
and develop leaves normally in the greenhouse without showing 
that season, especially if it recovers only slowly from the shock of trail- 
planting. Since the presence or absence of mycelium in a cane or roK 
can be demonstrated without question, one can be certain by usin: 
only tip shoots obtained from rooting canes that the raspberry whe 
he inoculates is uninfected at the beginning of the experiment, Ii s 
not necessary to jirovide control plants in checking up the results. 

methods 

The methods used in preparing sections of canes or roots to deiiior;- 
strate the presence of mycelium are the same as those adopted in the 
writer’s work on Gymnosporangium. Transverse sections 10 to 5011 tbci 
stained with acid fuchsin and iodin green show hyphae andhaustoria very 
plainly under the niicroseo])e. Longitudinal sections show hyphae im5c;i 
better, especially where they burrow along between the cainbiiim niu 
the phloem— for example, near the nodes of blackberries which havebetr. 
primarily infected. It is very easy to overlook the hyphae in the ctunbiu": 
region if one docs not prepare longitudinal sections. 

The habit of the black raspberry mentioned above, whereby thecani'^ 
take root at their tips, provides a very efficient natural method of 
gation. Since it is possible to examine these stolons to learn whetlitp* 
not the fungus has in some way established itself previously in the pi-- 
to be used, it has been found advisable for purposes of inoculation v 
use the tip plants. 

The tip ends of some of the raspberry canes were wired to the soil 
ordinary flower pots as soon as they began to mature sufficienUv to ta^c 
root. After a few days, leaves of black raspberry bearing teleutosporc 
were laid over the rooting tip ends and kept moist under muslin daii-.' 
chambers for several days. 
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INFECTIONS IN THE GREENHOUSE 

About the middle of January the inoculated plants were trans- 
itrred from the cold frames to the greenhouse. As soon as new 
shoots appeared it was evident that a number of the experiments had 
been successful. Fifteen plants which had been propagated by rooting 
the tips of rust-free plants were inoculated during August and Sep*^ 
itjiiber, 1921- of these plants developed aecidia the following 

spring An examination was made of the cane from which each 
new plant had l>een derived, material for sections having been 
(ibtuined at the time the new plant was separated from its parent. 
No hvpliae were discovered in any of these canes. As a double check 
when the rust began to show, another set of sections was made of 
that part of the original stolon still attached to the new plant. Sections 
were also made of the tip ends of such canes as had grown forward after 
ihcy had taken root, so it is evident that the nine plants now showing 
rust were uninfected at the beginning of the experiment. The parasite 
must have gained entrance in each case as the result of inoculation with 



s{)oridia from telcutnspores and not from hyphae carried over from an 
inieoted parent plant. It was pointed otit previously (p. 213) that in 
tiw internodes ol an infected cane the mycelium is confined to the central 
pith. At or near a node, hyphae are sometimes found growing along 
tlie nicdulJary rays in the wood and in the cambium and phloem regions, 
.n any case, there will always be some mycelium in the central pith. 
It ^ due this characteristic distribution of the hyphae that it is pos- 
M w. to distinguish between cases of primary infections by sporidia and 
^tvondarv infections where the mycelium enters a new cane directly 
the infected parent plant. 

I'cbruary 18 one of the artificially infected plants, ,\o. 313, was 
I photographed (PL I), and a diagram (fig. 3) was 

»uide in order to locate the regions or structures from which material 
obtained lor sections. The new shout buds, figure 3, C, 0 , and iv, 
iX ym. long, 'were pushing out, but had not reached the sur- 
lacc of the soil and were still wdlhout chlorophyll. At L there was a 
^^rmaiit axial bud near the base of which a few roots were attached, 
ctions of the stolon at B and of the roots and dormant bud at L showed 
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plants have grown to considerable size before inoculation is possible ' 
fection is unlikely to occur, This being known, methods can be e 
worked out for the insuring of propagation of rust-free nursery stock 


TIP PLANTS INFECTED IN NATURE 

If it is possible to infect “tip plants” of Rubus occidentalu- 
mentally with the systemic stage of the nist, what is the evidence thai 
this is the method by which the disease is spread in nature? If 
examines in early spring wild black raspberries in a region where iiifcctejj 
plants are known to have existed in the past, he will find rusted tip plan^ 
arising from stolons which are connected with rust-free parents. Section- 
of such old stolons will show no hyphac. This originally suggested tu [1}^ 
writer the probable method of primary infection. 


OLD PLANTS SUBJECT TO INFECTION 

There remains a question as to whether the rust is able to gain entrance 
into an old plant. The writer's experiments along this line have not heei 
as satisfactorily checked as is desirable. Eight plants were obtaine*! 
from a region where rust was known to be present. They showed no run 
in 1921 after they were planted in the greenhouse. Since they were ven 
small and had new shoots starting out from the old crown at the time 
when the first teleutospores were available, they were placed under favor- 
able conditions for infection. Having been overwintered in the cold 
frame they were again brought to the greenhouse, where shoots kario^ 
pycnia made their appearance on three of the plants within a few daw 
Apparently the inoculations had been fairly successful, but one can not 
be certain that the plants were not infected at the time they w^ere trans- 
planted. 

In nature the new canes spring up from the base of old plants earl \ ii; 
the season, so the gametophy tic stage of the long-cycled rust nahirallv at- 
tacks the tip plants, which are in the most susceptible condition from the 
latter part of July to September, and not the basal shoots from old cane> 
which arise in the spring. It should not be forgotten that teleutosporej 
sometimes mature on leaves of the old canes a very short time alift 
aecidiospores are shed, no doubt early enough to lead to infection of the 
more tardily formed basal shoots. It is not an uncommon practice anion; 
growers to prune out all the old canes and some of the new ones after the 
crop is harvested. New shoots might, as a result, grow up from the bai-e 
of the old plant following this treatment, so that the conditions would l)e 
favorable for infection by sporidia from telia which would be mature at 
this time. There is still another possibility. The teleutospores of Gvni- 
noconia are known to be capable of germination as soon as mature 
The WTiter’s experiments prove conclusively that some of these spttrtf 
germinate in August and September if placed under suitable condiriouN 
On the other hand no one has proved that the teleutospores may not ab" 
live over winter and lie in condition for genninatiun as the first ne\v bu<!- 
or shoots break through in early spring. 

It has been pointed out that rusted canes do not ordinarily beoorie 
stolons and set tip plants, so the rust is not spread in this way to aip 
great extent. New shoots arise from the base of the old plants in ti'.e 
spring, while the teleutospores mature and germinate from July to 
ternber, the same lime that the canes root at the tips. It must be cog; 
eluded, therefore, that in nature the perennial stage of the long-cy-'^^"' 
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orange-rust on bl^k raspbeny ordinarily spreads from plant to plant 
bv means of sporidia which infect the rooting tips of canes in August 

and September. 

<VSTHM1C infection of the beackherry with sporidia of 

' THE SHORT-CYCLED FORM 

There are clearly tw;o strains of orange-rust on blackberries, the short- 
,-vcled “Kunkelia,” and the long-cycled form, Gymnoconia, which 
has Fiu-rntfa peckiana as its teleutosporic stage. The writer is describing 
^.lVe\vhere blackberries that are infected with orange-rust of such a nature 
that spores in one aecidium all develop promycelia, and those in some 
adiacent aecidium all produce germ tul^s. One should perhaps hesitate 
i)cf(ire adopting separate generic names even for the strains that appear 
\ye well fixed. It certainly is to be regretted that the aecidiospores 
oi the "Kunkelia” are sometimes referred to now as “ teliospores.” 
Tliis practice not only leads to confusion but has no basis in morphology. 
The pvenia of the short-cycled rust are said by Arthur (/) to be sub- 
cuticular. They are, of course, sub-epidermal, the same as are the pycnia 
(tj the Gymnoconia. Newcombe { 8 ) and Clinton (j) illustrate" sub- 
epidermal spermogonia of the orange-rust. 

methods 

During April and the first weeks in May, blackberries at the Arlington 
\'a., send up shoots in large numbers from roots. By digging 
uhoiit shoots that have appeared above the ground, one can find white 
iir reddish shoots in still earlier stages of growth. >Some of these young 
^lloots may be broken off or injured as one endeavors to uncover the 
voungest, but he can readily find places where a half dozen or more 
ranging from mere buds to shoots 6 or 8 inches high, are growing in a 
i^pace covered by the infection frame. A large pan is set on sticks or on 
a iraiiie at the desired place, and muslin strips are hung over the frame 
(li])ping into the pan, which is filled with water. This is the iceless 
rciiigerator designed by Hunt (6). If the apparatus is shaded from the 
sun and the [lan kept filled with water, a very efficient damp chamber 
will be provided for field work. Several methods of “inoculation” were 
tried, aecidiospores in each case being obtained from wild blackberries 
growing at Radnor Heights, near Rosslyn, Va. 

AECIUIOSPORRS SOWED ON SHOUTS 

Leaves hearing aecidia were laid over young shoots, so that spores were 
^Iicd naturally over growing tips, etc., or the spores were dusted rwer 
the dioots and into the leaf axils. In this way an excess of moisture 
wliich i>rcvents proper germination is avoided. Aecidiospores were also 
M*mved on the shoots or injected into growing tips, leaf axils, etc. 

SPORIDIA .ATOMIZED ON SHOOTS 

Aecidiospores were germinated on water in watch glasses, or on agar, 
^iid the sporidia thus obtained in large numbers were sprayed on the 
}oung shoots. It is clear that the use of sporidia instead of aecidios])ores 
'‘■lil prove to be more satisfactory in infection experiments since the 
Ume during which the plants must be kept in the damp chamber is 
mortened by at least 24 hours. In the writer’s experiments, plants are 
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kept under the infection frame two days when sporidia are used, and dir-- 
or ff)ur days when aecidiospores are sowed, * 


INOCL'LATION BY MEANS OF THE HYPODERMIC NERDEE 

A numljcr of attem[jts were made to infect younjj shoots by injeeti]!^ 
spores into their growing tips with a hypodermic needle, "in sevt-^ 
cases infection followed in spite of, rather than because of, this nitnl]; J 
The needle was loaded with an abundance of sporidia and generous tln-t; 
w'ere given the young shoots. Water containing sporidia must hr> 
trickled from the wounds over the surface of the young shoots. ’.vhU 
were exposed by digging away the surrounding soil. The injun' toi’i'e 
growing tips manifested itself the following >ear. The ends wiiich hai 
been ]jimctured usually died and new shoots developed from belo,v. 

INOCULATION tN THE OPEN 

During rainy weather when the plants rema,ined moist for the greau-r 
part of a day or tw’O, inoculations were made with great sucers^ V, 
spraying young shoots with sporidia without the use of artificial iViCtlKdf 
for maintaining the humidity. These experiments were conducted suv:-:- 
whal ajiart from tliose w^hich were more nearly under control throvidi 
the use of muslin infection frames. 


CON'raoLS 

P'or reasons which will lie made clear later, defmite control plaius 
not set aside in this work, although all plants of the same hortiaiiuua; 
variety in near-by hills could be considered as control plants, especiiriy 
where no damp chambers were used. Plants in w’ell-cultivated fields ('a 
not serve well as controls since so many of the young shoots are itiLcii- 
tionally destroyed in cultivating, and these young plants would be m 
ones most readily infected by spores from wild blackberries in the 
vicinity. The destruction of the young shoots that grew’- up between tiie 
hills and rows in the field was avoided in order that use might 
made of as many of them as possible as an additional check cn 
the results. Most of the infection cxperirneTits with blackberries; f'l: 
1921 were made in the field plots where exposure to natural infecii^'r 
must be taken into consideration, and it should be remembered th.:; 
greenhouse conditions in this regard are only slightly more dependable at 
a region where the orange-rust is so common that vast numbers of spert' 
are very likely to be blown into the ventilators of a greenhouse. 
can not be quite certain, therefore, in this vicinity that any jjarlicakc 
plant may not have been infected by these wind-borne spores. 

It has been shown previously how^ the rust may be carried from pbr.i: 
to plant through the root runners, so in a group of wild blacklierricf 
which a large number of the plants are rusted it may be that the. mini!)-' 
of infected jilants had increased year by year, as roots containing ^riy- 
celiuin gave rise to new shoots. A single primary infection might easily 
account in this way for conditions wtee nearly every plant in a suma 
of wild laerries is rusted. Therefore, as an additional safeguard aiic: 
the writer’s jilants had lieen received from nurseries during April a;w 
May, 1920, and also in 1921 wdieu the first inoculation work was done. 
careful inspection w^as made from day to day. The work w^as, thereb'-re 
begun with plants whose canes showed no rust the first and iseconii 
seasons of their growth, For example, a stock plant set out in 19-' 
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jevelops a horizontal root i or 2 feet long, from which arises, in 1931, 
'i 4nH>t in condition for infection. If inoculation is successful], it wili 
1,0 isuuiiiested about April, 1922, by the appearance of rusted shoots 
the base of the 1931 plant. If examination of sections of the 
;.,,:i/ontal root connecting the parent plant with the one inoculated fails 
hyphae, it is certain the rust did not come from the parent. 

•jiie mere fact that a plant shows no rust on its leaves is not ])roof tliat 
• iiivcolimn is not well established in its crown or in the r():)t runners' 
if tlie runner bearing an infected cane shows no mycelium, the infcc- 
d n lU'.r-t be a new and independent one, regardless of the fact that the 
' .Mit i)lanl may also be rusted. In this way it will be sliovrn that a root 
'• iirav bear two or three infected 


ali 'iig its course and each plant be 
• iraieiy and independently infected, 
li'amineh as potted plants can not send 
diiu'Ls from roots at an appreciable 
liinLiiRO from the parent plant, they are 
L as satisfactory for infection exj)eri- 
rxiu- as are those grown in “ flats” on the 
or as arc field plants wdiere shoots 
.i.r iornicd on roots 2 or 3 feet from the 
:.roiu. d'hc iceberg variety appears es- q 
ir.iallv fa\orable for the production of / 
:.i:i shoots. By digging in the soil, still ' 
y".:acer shoots can be exposed when they 
.iw 111 a very susceptible condition. 



.\s an iilustration of this phase of the 
•.viirk attention is directed to figures 4 and 

^ v.'hich are diagrams of a part of the root parent cry>iai miito biuk- 

. r I ? ^ tr oerry, Xo. 1.5.5. XursiTy stock. I>, !>’, 

''■ 'leui 01 plant INO. 134, May 6 192 planted in 1910. other plants iivlicatcd 

■i'X inoculation frame would have covered 

nir SIS plants, lisp.re 4(4-), which became S", 

iiilecied and probably took in either M or Nt^crais rrprescut diii- 

-I which were not infected. Plant XT MeX'r'MSft;? ”, 1 ? 
1' was not inoculated although it was a SXl! 

'• 'Mllg dioot 5 or 6 inches high when the nlant. Seie text and (igurf 3 ft>r imhyr 
■;diers were inoculated May 23, 1921. 

rpre 5 shows how clear-cut the original parent nursery slock remained, 
dure are no shoot buds present on it such as are always found on this 
' ‘ riK al underground structure when it harbors mycelium of the orange- 
Ihe roots N and C arise close together, yet C now bears an in- 
])l;mt while the one from root N is rust free. The convincing 
• 'Mcnec that the parent plant, P, P', is not already parasiiized is 
■'Jauicd only by making sections of the root bearing the new plant. 


RESULTS 

one studies blackberries in nature, he becomes familiar with those 
arc infected, and can recognize them after the leaves have fallen, 
''cn though the canes may not be particularly stunted, their aj)pear- 
size of the buds are such as frequently to enable one to i)ick 
fnr‘ plants. The writer’s experimental plants were there- 

Xc*- considerable interest at intervals from June until 
in' T'c ^ following the inoculation experiments. Only one plant was 
, September 28, which suggested that the inoculation had been 
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successful, whereas in reality over 120 separate infections had occun^^ 
The failure to pick out the infected plants lay in the fact that it is 
until the second year the rust has lived in the blackberry that the cantj 
become so infected secondarily by invasion of mycelium from the perej. 



R(»ot byslem of inirsery st<x'k of l)lackl)erTy Xo. i.v* nlaiitcd May, i9«i dug May, lyi,;- ^*^*‘,"* 
lias siiii'.e sisuificaiH-e as thal in I'igiiri'' Iiilectcd plants A, B. C, D. E. and F arise ironi 
nei'leil n itli the original stock at thret different levels. The toots shorvti here arc entirely ir • 
myccliuiii. Sec tienre Original root crown at X, present crown at 7,. 

nial base that they show the peculiar features mentioned. Canes 
rily infected remain for the most part quite normal and blossom as - 
since the upper parts are free from the parasite. The results ot 
infection experiments are given in Table I, 



4 19 ^^ Systemic Injections of Rubus with Orange-Rusts 223 

1 -'Primary infection of the blackberry uitk sporidia of the short-cycled oranac- 
rust, IQ2I 



Tk results of inoculation work carried on in 1922, repealing many of 
^ »^_expenments reported in the table, furnish further evidence in support 
ne writer’s interpretations and conclusions as regards the various types 
« iniection. 



2 24 Journal oj AgrktiUnral Research Vuixxvx,, 

TYPKS OF INFECTION 

The value of infection Avork lies not so much in (.he fact that 1,:^ 
acquires the technic of infecting the host, as in the knowledge of fiiehv.’ 
parasite relationship to be gained by a study of the plant strucu;rt; 
under most favorable conditions. During April and the first week 
May, 1922, as an infected [dant became noticeable, it was dug up so 35; : 
include the root from which it had sprung, and also, in many casts, 
olluT plants connected with the same runner, Pieces of the canes an- 
roots at various points were fixed in Flemming’s Medium Fluid and b;- 
sectioned and stained. After a careful study of many phases 01 ih 
question, it was seen that infected plants could be arranged in thrif : 
four groups-', upon the manner of the primary attack by the inn-; 
and the reaction of the plant to the attack. 

A This group includes those plants which were, as shoots, mfcctcdir. 
or near one or more axial buds below the growing region, so that the .h.,: 
grew into a normal cane which blossomed the next spring and would i.o.l 
borne fruit if allowed to live. Rust appeared 011 the leaves [oi iln-.:; 
cane) at a few of the lower nodes as the result of a more or less 
infc'ction. New shoots, s>'stemically infected, would arise from the 
of the old cane, tlic one originally inoculated, provided the hvjdiac h,.;! 
peiieira'ed downward into the underground part of the stem or r- o 
Tlicrc slioidd he, tiiereforc, in this group three subclasses based on ;h 
e.xient downward to which the liyphae hao penetrated, (ij bv-v 
infections which ^vere so localized as to be unalile to reach the imdcrcT'Ct:: 
parts; the result would be a local infection which would disappear v.idi li.c 
natural death of the cane at the end of the season. (2) Those cases wlifa- 
hvphae penetrated through the cambium or phloem dowm the slur, 
beneath the soil sufi'icientlv far to stimulate the development of ni-.f 
shoots into which the inycclium could penetrate and live oyer caiotbc.- 
year. By merely pulling up such canes so that they break off at the r<.;: 
would be all that is necessary to free the plant from the rust. If sma s 
plant is allowed to live through the spring, however, the rust, would ^ 
able to establish itself pennanentiy in the crown and roots (3.1 Ih 
third tyi)e would include all cases where the root has been reached bv tr.c 
fungus the first season. In such ty[ics the connecting horizontal r<>'i 

must be destroyed. . , , ,, 1 .. 

B The small number falling in the second group includes those pia.uj 
in which the fungus soon became established in the growing region oi tu 
shoot or axial bud, with the result that the wdiole cane or branch hccaiBc 
systcmically infected. Such types can easily be recognized the hdkui.ii. 
spring by the appearance of the new shoot winch arises at the end 01 
old cane, or its branch, 1.iy proliferation of the terminal bud wii!ca,:o.- 

remained alive over w'intCT. . , t. iv-*’' 

C. The third group includes those types in w'hicli the root was curui.' 
infected so that tlie fungus entered the phloem. In such cases the ry- 
lav near the surface of the ground. Such a type of infection ''lyj 
the formation of a witch’s broom at onec and the rust becomes i..-.-. 
well established. Since the mycelium in such cases has t., 

penetrated either way in the root more than a few inches, t e P‘* 
can be destroyed by pulling out the section of the root whu. 1 
infected shoots. Each of these types of infection will now be coiisia 
in detail. 
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Local infection With the sporophytic stage by aecidiospores is of 
Ciiisc, the rule with the G^noconia. The questioiihas frequentK. arisen 
„.|,o,her local, as contrasted with systemic gaiiietophvtie infection hv 
sporidia, may not sometimes also occur. One froquentlv sees rusted 
Icavi's on certain branches or nodes, while the leaves at all the other nodes 
„f ,l,c same cane remain free. The writer made sections of several siri! 
..mmilly infected canes at points above and below the nodes bearin ' 
mstol leaves. Having found hyphae in the pith in each case lie cm"? 
a, iiist to he erroneous conclusion that infection bv Knnkelia is ahravs 
.vsicimc, the rust appearing more tardily on some lea've.s, or not at all ifthe 
mvcelmm happened not to penetrate the leaf primordium at an early sta ee 
Liuer an exception was noted which remained a puzzle until the results of 
lucclat, on experiments became available. A sand blackberry a 
Cameron, .VC., was found May 2, .921, with rusted leaves at onl? one 
,.r two luxJcs of Its single “old" cane, which was othenvise perfectly 
rr.iina Sections of the cane at the base and at points above tlm 
a:i.,vled nodes showed no hyphae ,n the pith, indieating that in nature 
■ local infections are possible. The proof of such infections has become 
csiichisiyc as artificially infected plants have been studied One clear 
cue uoticcd was riiat on plant No, 24, a wild blackberry .sbowinc rm 
vgibut inlcctioii Februaiy 14, 1921, when it was transplanted. After 
11 was potted It grew vigorously, showing ,10 rust rturing the year. On 
.Iiixii 22 192 1 It was sprayed with sporidia and kept under a duinn 
T throe days. I he plant was taken from the cold frame Januarv 
' , ^PP^ared on the old canes and llcv. shool'I 

.,Tc,., up, but the plant was perfectly normal, no rust having developed 
h li.is been found that when infected plants are kejit from vein to 
war. the eaves of new shoots that push out a few days after the idants 

iw ™ .^™pnsing to find two months later 

Cwt rust was beginning to show on thi.s pilant. The lip 
me old cane had died during the winter, but from the uppermost 
wm,.; node a new shoot had recently developed. The leaves of this 
'!« nranch now bore aecidia. Sections at the base of this cane shom-d 
I m (he pith, phloem, or cortex. Just below I he infeeted 

"a ;iehdhrrr vs'’^“t'''"" and along 

fihi tf ofil, ' ' ^ r study of the dis- 

■ri’ha showed that the parasite had 

1, . ally gamed entrance through an axial bud which miiM have been 
, Indies above the ground. The end of the cane had S 

Pr cm- h, lie •" slo''-!)’ down 

■s-a-vrt "hidi it was stimnlaling to 

'■^^'1' f indicated by a second annual rini^ of wood 

n etil rm^oPV’' P“"‘ large 

-'•(•iii , „ t ■ , set out in soil on the bene 1 in the 

showing any Sgii 

‘t "f <;ane\,hich 

.cirasiu, Ht freed the plant cnlirelv from the 

■'■Ix'dier the f 's doubtful 

'""iiiid before ih^eo, Ifi ° perennial parts below Ibe 

•lore the tatie would have, naturallv died. Several other cas(‘s 
•‘f-l-Sii -23 2 
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some of which will now be described, of similar types of local infecti^j, 
were met in connection with inoculations in the field which leave n,- 
doubt that “local’’ infections do take place when they occur at souse 
point on a shoot several inches above the ground. 

Two shoots, No. 353 A and Ti of the Kittatinny variety, about 4 inches 
high , were sprayed with sporidia May 5,1921. These grew into large cates 
5 feet tall and blossomed profusely in 1922, but no shoots, such as usually 
characterize infected plants, grew out from the lower parts of the cates 
during the spring. The fact that both plants had been slightly infected 
might easily have been overlooked. Each had been infected at a sinHe 
node, and the fungus had failed to make any material advance upward^u 
downward in the cane. The small branch of 353 A, was only panh 
infected; several blossoms appeared at the end. The parasite had a{. 
tacked plant 353 B {PI. 3) somewhat more vigorously because all of the 
leaves of two small branches from the infected node showed the ruM 
Sections of the canes above and below the infected node would show no 
hyphae. These attacks were very limited in extent and could not have 
succeeded in permanently infecting the plant. Plate 3, A, shows lucal 
infections in a Crystal White blackberry. 

Some very striking cases of localized primary infections of the wild dew- 
berry Rubus enslenii -were noticed at Salem, N. C. Several plants showed 
rust only on leaves at one or two nodes; the rest of the vine in each case 
appeared to be perfectly normal. Longitudinal and transverse sections 
of the vines at about 2 inches above and below the infected nodes were 
made, but no trace of mycelium was found at these points, llierc can be 
no doubt that they were primary infections, and of a local nature, remind- 
ing one of the way the Calyptospora attacks the blueberry. The shoots 
from the infected nodes of these de^Yberrics were very severely attacked, 
Rust pustules broke out along the young shoots, on the pedicels, and on the 
calyces as w^ell as on the leaves. The conditions at the time they were 
infected must have been particularly suitable for the type which tk 
writer calls localized game tophy tic infections which fail to beconif 
perennial. The same spot was visited in May, 1923, and it was found 
that the rust had become established in only one of the plants. Tk 
shoots must have been rather well developed Yvhen the sporidia were 
being shed. 

In 1922 sporidia were sowed on a number of Taylor blackberries \vho« 
new canes were from 3 inches to 2^^ feet high. This variety proved to k 
very susceptible. The results indicate still more clearly that canes can k 
infected with the orange-rust even after they have reached a height oi a 
foot or more, Eight of the canes that showed rust in the spring of 1923 
were infected at nodes now 18 inches to 2)2 feet above the soil (Pl. 5, B) 
In some canes the absence of hyphae in the internodes proved that sepa- 
rate infectious had occurred at adjacent nodes. It will be shown later 
that had these plants been grown in flats in a greenhouse, the myceliiitr. 
would have spread pretty generally through the canes and into the roots 
because of the conditions which contribute tow'ard etiolation and thus 
prevent the canes from entering tlie dormant condition until later. A 
vine of the dewberry, Rubus hispidus, was found infected at oniyr>'tf 
node, No mycelium was seen in sections of the adjacent intemodes. 
Cutting away the infected node freed the plant entirely. It has 
two years since without showing rust. 
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localized systemic INrECTlON MAY BECOME PERENNIAL 

Slight infections which may become constitutional if the canes are not 
^.suoveci are represented by No. 334 ^ (PI. 4. A). The shoot from which 
this plant had developed was onginally infected near the soil level after 
in.)culation April 23, 1921. A nomial cane developed during the summer 
Two or three new shoots, systemically infected, grew from the base of the 
the following spring, and rusted leaves were also noted at the lowest 
n...k5 of the old cane May 3,1922. There were no hvphae in the root 1 2 
iiK'lies nearer the parent plant, which was set out in 1920. This figure 
illustrates a common habit of growth of such horizontal roots which be- 
come larger after having given rise to a new cane. Fullv two- thirds of 
the successfully inoculated plants of the Iceberg and Merccreau varieties 
hud iniicli the same type of infection as the one just described. If one 
merely pulls the cane from its horizontal root the spring following infec- 
tion. all of the structures containing the parasite might be destroyed, 
)iii if in this case the plant had been allowed to live, the parasite wmild 
lave invaded new roots and shoots and become thoroughly established 
[Should the fungus have found conditions more favorable during the sum- 
ner lor the extension of its mycelium downward, the type of infection 
biiistraled by No. 112 C, described below, would have been found. 
G'laie 4, illustrates a somewhat vigorous infection of the same type 
niic lip end of the shoot originally inoculated soon died, but this did not 
Intcrtcre with the activities of the parasite. An axial bud below imme- 
diately developed and is now represented by the large cane which is 
fcbuut to blossom, only the basal nodes of this old cane being infected 
Three systemically infected shoots arise from the part beneath the soil. 

11 the primarily infected old cane is broken off or cut away during the 
^inter or in the spring before the sap begins to flow, a larger number of new 
Shoots such as are shown in PI. 5, A. will develop, making a witch’s broom 
bpe ol infection. 


primary infection becomes established in the root system 

Supposing the fungus succeeds in reaching the root crown in its course 
own the steirg it is known from evidence presented previously that it 
along the root and readily makes its way into the buds, which in 
1 IP ime grow up as plants infected secondarily. To what extent does 
iLnps work back along the root toward tlie parent plant ? lixamina- 
hm- ^ number of independently infected plants 

hZL in both directions, but that 

^ tr, 1 usually made outwardly. Occasionally, the reverse 

hv ^ isRram oi plant 112-C in figure 6 represents the conditions 
small' Jn a plant which was inoculated May 5, 1921, when it was 

idica la U branches which grew in 1921, are 

tjfviirm’ ^ ^^aded lines; the new shoots are shown in outline. The 
1 thf- ^ fungus has established itself firmly 

^ systemic parasite. All the leaves on the new shoots and 
jut -51 nodes of the old canes show rust. Buds are pushing 

5ixwhifr.^L ^ inches below the surface of tlie soil. 

S ^ developing; a witch’s broom is being formed 2 
xtveen Sections of the root (C, CO, midway 

if scoots, show mycelium in 

^Ttev phloem near the cambium, and some in the 

■ • sections of the root 8 mches to the right of C' show no mycelium. 
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As no buds or shoots are found on the main root on the other s-de, oi 
can be rather sure that Uie fungus in this case traveled back up 
instead of out^vard, as might be expected. Ihe fact that the r.yn 
inches distant did not carry mycelium is positive proof that uj-Civ 
Drimarilv infected bv sporidia. There is no apparent reason wliy t 
funmis might not continue its growth back toward the parent, and th 
a pment plant system might become infected through the rust irr,n 
root shoots at some distance away. As one finds, then, two m:er. 
plants connected by a root carrying the fungus it is impossible u, ; 
t^enninc with certainty after the second year winch plant was the r. 
primurilv infected. 


P 






WmWS'- 

w/Mm/M'/Ay/ 




1',:.. mvaiies r..ol from <=tcn.. Diagram of m 

xSrn S ’ind.c. to iho nght of C'. Scr tc.t. 

Whc'c om-' (hcls in nature several infected jdaiits attached U - <•’ 
root runner, sections vrill nsiiallv show hyphae in the coimcctau 
While Ihc writer has not happened to find in nature cases _ 
mv-couo. y.-.'; nre^vnl, doubtless independent intcctions ol luo ^ 
plants v.T.uh are derived from the same root runner do occur 1 li^ ^ 
Tlic rust, ^v'j]ich occurs on young basal shoots ol o^d plant's m. _ 
fails in many cases to invade a horizontal root lunner anc i ^ 
be urrdde to rcaeli other plants that had arisen in the sam< ’ _ 

The r'-ot system of an infected wild high bush blackberry .t*' ^ 
somu- S,.il v,-as diis up Ajirit .3. !' foiu’.d that a rm.f ; 

v.-:is aitadied to a root rm-.acr iR feet distant Irom the ' 

v.-Iiich was now ilcail and dccavcd. Its large root, i ‘/a inc.ies m o 
howuver, ua 1 still alive. Itetwcen these tivo plants there wci e i ^ ^ 
plants not injected, attarhed to the same root. Passing out in I 
,Ur,-..iif,n from the parent, the root runner was followed 12 Kot • 
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^■ims oi this runner at various points in 30 feet of its course showed no 
ciyceliitni, and as the only rusted plant connected mtli this long root 
ji'iis t'le one larthest from the parent, it is clear tiiat the fungus was in 
Ihii oase unable to go back along the root to any appreciable distance, 
^le ;i)vccli'iin having made but little progress beyond the root crown in 

f;5i!u-'d;roction. 


j'idMAHV IN'FKCTION SOMETIMES MANIFESTED ONLY TliROCGU ROOT SHOOTS 

Aiieiilion is called to a type of infection the origin of which is not 
pcriivlly clear. Ihe plant, 357 A, appears to have been originally 
jjiiLvtcd so near the base of the shoot that the fungus soon reached the 
[i,M/oi!tal root, where a slight fusiform enlargement 2 or 3 inches long 
developed. The shoot grew into a normal cane which showed no 
rusicd leaves .May 5, 1922. Instead, three new shoots, thoroughly 
ira 'ied. liad gurown up from tlie root a short distance from tlae old cane 
(f; ilit; buds at the base of this cane show that the fungus was 



in that part which was beneath the soil. "J'he buds would 
have remained dormant, or at least developed only late in the 
Tlic growth of infected slioots on the root at each side of the old 
against the supposition that the fungus entered the root first 
some slight wound, then traveled up the basal part of the cane, 
re:.:! had given rise in the course of 4 feet to five separate normal 
so there is no reason to doubt that the rust now present came as 
' lo-cili 0! sowing sporidia. A clear-cut case of direct root infection will 
'-v.-crihed later. 


Nmv SHOOTS FROM OLD CROWNS SUSCEPTIBLE TO INFECTION 

cases of artificial infection previously described in tills paper w^ere 
■ r'oins which in 1921 were shoots from root runners. In cultivation it 
' ' 1‘ractice to destroy most of these root shoots which spring up 
V' between the hills. There is no attempt to destroy 
■*'- '-'lo crown; thus new canes must arise year after year from parts 
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clDselv connected with the orij^inal crown. Can these new shoou ^ 
infected in such a w'av tliat the rust becomes established m a plant, 
underground parts of which may be several years old? Plain Xo. 

(see p 2 2S) was derived from a wild blackberry crowm, potted Pobniarv 
14 1921. ^ The shoot \vas infected so near its top that the fungus 
unable to reach the underground organs, whereas, if the parasiit 
entered the shoot when it was just emerging from the soil or at its 
nodes hvphae could have penetrated into the underground parts 
become firmly established. Jn some of our expenments shoots fromfe 
old underground stem were sprayed with sporidia along with the nx-: 
shoots 111 two instances these shoots became iniccted. Ihe iniecti',?. 
of old" crowns, ho^vcver, by the rust is probably a rare occurrence ;; 
nature When this occurs there will be for several )-ears a ntiiiibtr .i 
healthv canes in this hill with only one or two canes showing rust.', vh^-r, 
a-S if the nursary stock or a root shoot is infected the hill deiutd fro::: 
either will be worthless from the beginning. 

MVeiWWM FROM A I'RIM.ARV IXFRCTION iX TUI; GROWING REGION OF THE CIM: 

Phnphasis has been laid upon the point that, in a large percentage : 
cases observed in our work, the myceliutn developing alter an inocu- 
tion of shoots with sporidia does not travel to any extent up t.e ocr 
as it ero'vs but tends to make its Avay downward into the mideri;rf.!.:[;.. 
or-ai^, with the result that in the following spring leaves on i^w 
from the base of the cane originally infected and leaves at a ta-, m u.i: 
basal nodes will develop aecidia, while the cane throughout its tpa-: 
portion is perfectly normal, bearing blossoms .no mycelium - 
Lind m any of i{s tissues, except, of course, in the unmediaU- 
of the lower rust-bearing leaves. A few notable exceptions to ... 
general rule have liceu observed. Old canes or branches dearh p r 
trimvc been infected as the result of inoculation showed symptjmb , 
having been svstemically infected throughout their entire leEo_ 
Sections of the canes showed mycelium confined to the pith, exci, l 
" des. just as in canes secondarily infected. Their appearanw 
quite characteristic, owing to the proliferating terminal and ax ml bi-' 
Whv the fungus behaves in this exceptional way is not clear. 

Tuav be taken as an example ot this type of infection, f - 
originated as a root shoot trom a Kittatinny ^ 

The parent plant has shown no rust for three )ea .. 
about 1 foot high when inoculated with 

On vSeptember 28 it was noted that ‘ ' or 

appeared somewhat abnormal, as though it mi h ^ ^ 

April 28, the following spring, pycnia appeared 

new shoots On May 8 the infected plant, including the , 

system back to the pLnt plant, was dug up. Tlte plant now 

of' one large .921 cane which had been noL «rr 

soil during the preceding summer. Leaves at the 

rusted and three large new shoots from its base had deve p . 

extent the infection appeared to be typical. There 

one large 1921 cane (a branch from the lowest node ot ^ 

inoculated) which showed peculiarities in that several of t > . 

had been stimulated to grow out mto new new' *'■' 

terminal bud of the .921 k^°Tfof our blacK 

a. This certainly is exceptional behavior for our black ner . 
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.vrowtU is indefinite, the tip ends of the cane being regularly kilied at 
the end of the season. This proliferating tip end was about a foot Jong. 
•Sections of this 192 r cane r8 inches back of tJie tip at c showed mycelium 
(inlv ill the pith. The effect of the proliferating shoots along the cane 
niav be seen, by the partial second annular ring of wood being formed 
(PI 2, C, y). At the swollen base (PI 6, a') of the 1922 portion, mycelium 
vas also found in the phloem and cortex leading to leaves from this 
<\vol!en region. Sections of the new growth 2 inches above (a') showed 
iin'celimn'only in the pith. Until extended study has been made of 
ie actual point of penetration of the host by the fungus it will be 
iniuossible to say definitely when the parasite could have been estab' 
lisficd in the growing point of this old brunch. Mycelium showed 
ot\lv in the pith, except at the nodes where it could be found in the 
phloem or in tlie cortex even. 

That the original point of infection is not ordinarily the terminal grou’- 
aii; region of the sh£x>t is dear from the large percentage of artificjally 
iiiit'cted canes which show no mycelium in the pith at any point, and 
iitine at all in tlic cane along the .greater portion of the upper region. 
It is possible tliat where the canc is broken off soon after infection, the 
nvi'al buds in which the fungus has become established may be stimulated 
ui grow out vigorously, and if the fungus uere in the fundamental tissue 
(if liic growing region, it would later appear in tiie pith after tissue 
differentiation. The writer has observed no case where tlie main shoot 
inoculated behaved as though the terminal bud had been attacked, 
(hough this no doubt occurs occasionally despite the protection of the 
growing region, by overlapping leaf primordia. The rapidity wtlli which 
vuung canes grow up undoubtedly enables them to outstrip the fungus, 
iviiicii at first seems to grow only slowly, so tlie mycelium W'ould be left 
Ijf'hind in the cortical and phloem regions. Hypliae then make their way 
(:io«'lv up the stem for a short distance and more rapidly downward into 
ihe underground stem, and even into the roots. Here the presence of 
(lie parasite stimulates tlie formation of buds, the growing regions of 
which will be invaded by the hyphae, and as these buds develop into the 
new shoots the following spring, the fungus, now firmly established, grows 
upward rapidly and will be found in the pith even at the tip of the new 
cane. 

The writer’s experiments show that infection can take place when 
dioats are several inches Jiigh, but in such cases the fungus rarely grows 
tlowinvard with sufficient rapidity in northern latitudes to become 
firmly established in the perennial underground organs. The younger 
the shoot inoculated or the nearer the root the infection occurs, the 
lu&re certain is the fungus to become systemic the following year. 

If plants are grown in flats in the greenhouse where the canes are 
prevented from becoming dormant until late, infection of large shoots 
at two or tliree nodes .spreads rapidly through the cambium and phloem 
'Jpward nearly the full length of the stem, and downward well into the 
^<'0t system. Such infections are thoroughly systemic, but no m)’celium 
"ill be found in the central pith, and there will be no proliferating terminal 
Wid.^ In the southernmost states where tlie growing season for black - 
^'^'wies is almost continuous one would expect thi.s type of primary 
■'^fection to be common in nature. 
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KFI'CCT OF INJURY TO THU GROWING POINT 

Very frequently when the hypodermic needle is used to inoculate the 
growinii point of a shoot, the injury leads to Uie death of the end 
punctured. Sometimes when the soil is being removed from around the 
root sprouts, the ends will be broken off so that the elTect on their future 
development is practically the same. A new shoot immediately gro^s 
out from an axial bud below. The following spring the cane into which 
the shoot develops will have a short right-angled bend at the point where 
the scar tissue healed over the end-portion which had died. The phir/, 
shown m Plate 4, H. a, also illustrates this feature. On May 5, 19,,, 
the soil was dug up around a plant of the Iceberg variety so that three 
shoots about 2 inches long were exposed. No. 112 A was inoculated by 
iniecting sjioridia into the growing point and spraying them oyer the 
surface aiucliosporcs were also dusted over the young plant with the 
hope that one or the other method might result in infection. No. lu i-; 
and 11^ C were merely sprayed with sporidia. The growing point 0: 
the first plant which had been injured died, and three new shoots grr.v 
out soon after from axial buds below. One of these became the leader 
and also gave rise to a secondary branch. The leader grew to be 5 tm 
hi-h and blossomed normaliy the next year. Leaves at the lower riodcy 
bore the orange-rust May 3, 1922. Four new shoots, systemica ly in.emt 
now arose from the base of the main canc, but its 1921 braiich, asveua^ 
the olher two canes that were developed m 192 1, as noted, showed no hm. 
The mvceluim apparently had not penetrated tiie horizontal root to an;, 
extent: as tlicre were no shoots or buds on the root such as one finds wht:-, 
it is infected. It was found that this root had also given rise m igji [■ 
the shoot 112 P, mentioned above. Infection resulted from sprayav 
sporidia on the shoot. In May, 1922, it consisted of a single old cane bear- 
iiw a-i abundance of blossoms, and the leaves only at the lowest nodes v.or. 
rusted. New shoots, bearing pycnia were springing up Irom tiiat pan 

of the cane beneath the soil. _ u ..fiui;,- 

When plants A and P are compared it is seen tliat the rpnlt cl ki.--- 
tlie orowing tip of the inoculatccl shoot in plant A was simpiy to stimnh.e 
tiie axial buds to grow into new branches at once, but the type ot iiileco''^ 
in this case was not altered thereby. Anything that stiiiiu ates be 
development of iieix and Uiereforc more susceptible shoots or hranoa. 
from time to time throughout Oie period of spore dispersal, whic 
from two weeks to a monUi or over, increases the chances ol uUu 
liroportionatelv. Very striking effects of accidental layering 0 l A<-- 
cnslenn in a neglected cemetery at Winston-baleiii N. C., were ohxi 
in April 1922. A number of graves had been dug the preceding 
the dirt’thrown out over these wild dewberry vines. : 

practically every shoot that was found grooving Uirough the _ 

dirt from the excavations was rusted. 

found in this cemetery wdierc tlie vines had not been disturbed 0 
roots susckptible to infection 

One frequently Ihids orange-rust in hedge rows along the 
cultivated fields, along embankments, or in 
the canes and roots is very likely to occur. This has si gg 
possibility that the blackberry may also be primarily 
Us roots which become exposed through cu livation 
few cases of infection were found in the miter s work which were mn 
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„ expl‘ii^ other basis because of the absence of an old cane at 

point where infected shoots were then growing. More careful 
irirch at such times usually showed the stub-end or scar of a cane which 
ujj been cut or borken off accidently or which had died the previous 
oiiiiiner. In the absence of such structures through which the parasite 
PjVht have entered the root, one naturally suspects tliat the mycelium 
traveled along the root ruiiner from some other infected plant. If 
i'kh a possibility is precluded by an examinatijm of sections, one would 
^ive to consider the alternative — direct root infection, which could 
i-Lk-ur uiil}' on exposed roots and before the cork covering had been laid 
or through wounds. For example, in one case it was found that 
t*-i‘ manner of infection could not be determined at first because of the 
licence of any remains of, or evidence of , tlie existence of the orginally 
•nnvted shoot. Several shoots of the Merccrcau (No. 352) blackbeiTy 
v.erc spravecl with sporidia April 23, 1921. No inoculating chamber 
’.vjs used. On May 8 , 1920, aecidia were found on three plants, No. 
;:;j A aiid B sliowing the ordinary type of primary infection. Old 
i-jncs which were rather small and somewhat chwarfed were present 
infected shoots w^ere growing from the base of each. There was no 
, Id cane nor any trace of a stub or scar showing where one might liave 
L-cti. in connection with plant No. 352 C, the third plant infected. Two 
i;l\\ siwots, both inlected, and about a dozen buds ^vcic growing 
in.m a horizontal root where it was somewhat enlarged (Id. 7, A). 

-two inches from these shoots the basal end of an old canc b, 
■.v.is fonml. The small root runner was j'(dIo\\ed 14 inches fartlier where 
ii 'v:is allached to a larger root having se\eral branches, c. 'i'his root 
h.ui its origin 18 inches away in a large jicrfectly normal cane now in 
iOssom. Sections of the horizontal root were made at f)oints as follows: 
< [R- ic-a from tJie parent plant; e^, 6 inehes beyond the stul) of the 1921 
i-.-.iK-'. C;;, 3 inches from the first rusted shoot which ^vas sectioned at 
c,. .\o mycelium was found in the root sections, pro\iTig conchisivedy 
the infection had not been carried over from the parent plant. 
liv!jhae were found in the pith only of the infected shoot, c.,, as was 
ey-ecicd. It was observed that the second shoot W'as somewhat i,voody 
base and liad a number of scale leaves about one inch from the 
: im of attachment, indicating that this part of the shoot liad been 
nacd the previous summer. This could not have been the shoot 
■ r jnallv inoculated and the one which had reiriained dormant after 

It Ims been noticed that where shoots of the watch’s broom type gr<wv 
';p early in Llic spring they are often woody at the base, which is coy- 
oird with .scale leaves, The buds are forced out the preceding autumn, 
••t flonn'uii; over wdnter, being protected by a covering of soil, and push 
early in tlie spring. Such conditions arc easily found in naturally 
■^i'C-cied plants. In the case being considered, it is possible that the root 
■'•vi been ex jiosed about the time the inoculation of other shoots ha<l been 
and the fungus entered the root probably through a wound, 
yiiee- siioots devoid of chlorophyll can be most easily infected and since 
t'y' Umgus can thrive in underground parts, there is no evident reason 
"-y very young roots may not be directly infected through unprotected 
pdermis or through wounds extending to the cambium. Uvidence 
support of such, a probability w^as found in connection with No. 35 7H, 
4 photograph of which is sliown in Plate 7, B. The parent stock, planted 
^920, still bore large healtliy canes in 1922. One other old cane 
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free from rust May 5, 1922, was found attached to tlie horizontal- 
6 inches from the parent crown. Sixteen inches beyond, infected 
were vigorously developing. Sections of the root at x, y, and z Re- 
made but no hyphae were present at these points. No old cane nor 
remains of such could be found among the new shoots. There 
however, a very definite scar tissue partially covering an old 
at w, about an inch long. 'I'he root at this point was, when du^ I', 
buried over one-half an inch in the soil, as is clear from the photogray 
I do not doubt in the least that the root was originally infected in iC 
wounded tissue. 

INE-'RCTlON OP BI,ACKDERRIES IN THE GREENHOUSE 

For reasons previously stated, very little w-ork was done in 19:1 
tempting to infect blackberries in the greenhouse. As the rust can ctr 
lainly remain ali\'C in the crown and roots of a plant at least a year with:.;: 
appearing in the canes, one is not certain that his plant, brought inir.,: 
nature, may not be infected. Such plants should be observed twd 
three years before being used for experimental purposes, no matter hu 
manv controls are used. On the other hand, by careful invest igatOi . 
the (lislrihiiLion of the mycelium in various structures of an infected phn; 
one need not remain in doubt, in most cases, as to the time his |ila:; 
became infected. For example, if mycelium is found in the pith of anfo 
caiic whose leaves are rusted the spring follounng inoculation, it is pm;- 
good evidence that the fungus w^as present in the plant at the beginiiin: 
l)ut if hyphae arc found in the phloem, near the outer eiidsof thcmedulhr 
rays, or along the cambium or in the cortex, but not in the pith, this y.i' 
be very good evidence that this cane ;vas infected through inociila-io: 
with spores. Only in rare cases does the rust establish itself in thegro.i 
ing point at the time of primary infection. This does sometimes happr: 
as noted elsewhere, but such cases are very characteristic in Ihcir gro.':' 
the spring following. In the spring of 1922, a number of bhickbtr.'- 
shoots growing in “ flats ” were ino:ulated with the short-cycled ni:: 
As sections of canes w^hicli dev'cloped rust the following spring shuve 
no hyphae in the central pith, it is evident that the infections 
primary and the result of the inoculation, 

PRIMARY AXD SKCONDARY SYSTIJMIC INFKCTIO.N’S CONTKAS'rKD 

Plants set out in the benches or in large "flats” make root shoot? s 
some distance from the parent plant, b\il they are not very satisfactur; 
for these experiments. Twelve root shoots of rusl-frcc Kittatinny bba 
berries w^ere planted in "flats” in the greenhouse April 13, 1922. B; 
May 29 new' canes had growm to Bje from 6 inches to 2 feet high. In ordt 
to determine whether canes of such a size could be infected systemicaii' 
they were sprayed at this time with accidiosjiorcs of the short-cvCjc; 
rust from a wild blackberry, and kept in the damp chamber three da?'; 
Having been over\Yintered in the cold frame, they were brought bark' 
the greenhouse March 10. heaves soon appeared on the old canes who 
had been inoculated, as noted, the previous year, and new shoots bet-' 
to grow up from the base of the canes. For at least two weeks all leaw 
formed were perfectly normal, dark green, hairy on both sides, and rp. 
dwarfed. There w'as nothing abnonnal in the appearance of the caci- 
About March 24 the latest leaves just unfolding at certain nodes berai'- 
yellowish-green at the margins, ^vhich were more finely lobed and wn'^ 
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bled, iind devoid of hairs. The petioles tended to elongate abnonnally. 
Some of the axial buds were also beginning to proliferate. The distribu- 
lion of stomata on the leaves which appeared to be normal and on those 
showing signs of infection was studied. Practically the same number 
of stomata was found on the underside of both kinds of leaves. There 
were only a very few on the dorsal side of the normal leaves, occurring 
inostlv at the tips of the serrations. On the other hand stomata were 
thickly scattered over the upper epidermis of the abnoniial leaves 
wliercthev .showed yellowing. Although no pycnia or aeci a arc present, 
the occurrence of large numbers of stomata on the tipper side of a black- 
herrv leaf is proof that the orange-rust hyphae have invaded the leaf. 
The lirst accidia appeared April 3. If spemiogonia were ever formed on 
these rusted plants they must have been “vestigial.” 

The writer had about the same number of systeniically infected 
plants growing under similar conditions at the time, so it was possible to 
Ciiinpare blackberries in which the infection had been of long standing, 
at least two years, uath those showing the rust for the first time. The 
canes of the former were less angular and showed fewer thorns. Pycnia 
aojicnred all over the leaves as soon as they began to unfold. ‘ K\'ei'v leaf 
ai each node was dwarfed and yellowish from the start. Stomata were 
pretlv evenly and thickly distributed over the upper surface between the 
jiyenia. Here also it was found that there were about the same number of 
Nunnata on the underside of the normal and of the infected leaves per 
iinii area. The total number of stomata per unit area was estimated to 
he mllv 50 per cent greater on the infected leaves. Normal leaves from 
certain uninfected canes of this plant showed only a few stomata on the 
upper surface of the tips of the serrations. 

.V further discussion of tlie effect of the orange-rusts on the develoj)- 
nicnt of stomata is being published in another paper. Unless one were 
very familiar with the ap])earance of various types of primary infections, 
lie would have passed over the writer’s plants which had been infected 
ihc iireccdirig summer because no spermogonia could be found. At the 
<ame time the plants that were secondarily infected showed the character- 
iNtic .symptoms of having the orange-rust. 

SPKCIAUZfiD RACES 

.Since the long-cycled rust is fairly common on black raspberries in 
iocalities where the teleuto.spores have not been found on the black- 
IxTrics, the possibility of the existence of strains or biologic races should 
lint be overlooked. Wliether the blackberry or dcw’berry can be infected 
xilh aecidiospores from the Gymnoconia on black raspberry or vke 
has not been definitely questioned by previous investigators. 
Morpliologically the long-cycled rust on black raspberry has not liecii 
f'xind different from the rust on blackberry. The writer has made a few 
mdiminary experiments to see how readily the teleutospore stage could 
be obtained on one species of host by .sowing aecidiospores from another 
cariely. These tests are regarded as merely suggestive. 

On May iS, 1921, young leaves of new shoots of wild black raspberries 

Hell, Md,, were inoculated with aecidiospores from the mountain black- 
|>crry. On August 20, several teleuto sori were found on one of tlic lower 
b'a\-cs of one plant, The plants were well isolated in a hedge row 30 
from any orange-rust. If leaves on old canes had been present when 
toe inoculation was made, no doubt the infections would have been more 
abundant. Two hybrid blackberry plants, wifi’ predominant mountain 
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blackberry characters, were inoculated with aecidiospores from a 
“yellow” (black) raspberry May 18, 1921. On July 19 many sori were 
found on the leaves of young canes of one of them. No sori cuuld 1^ 
found on other plants of tlie same variety near by. During ihe spj-jp, 
of 1922 these experiments were repeated more satisfactorily in the green- 
house. Several wild blackberries were planted on a bendi. After the. 
had grown out vigorously they were inoculated on several dilTerent da\x 
with aecidiospores from black raspberries. Spores were rubbed ani 
sprayed on the underside of young and of old leaves, and infected rasp, 
berries bearing accidia w^ere placed under the same infection tent. Tv,-: 
the blackberry leaves were frequently covered with spores, and conrii- 
lioii.s were certainly made favorable for infection. At no time later 
during the summer could telia be found on any of the leaves, old i.r 
young, although leaves of the black raspberry plants which had lieeii set 
in the same infection tents, as noted, were later covered with sori, ar;:! 
they had not been especially in<.)culatcd. Four root shoots from tlie-st 
plants were svstemically infected with the short-cycled rust iti k,.-: 
Such results might be interpreted to indicate that biologic races occiir 
and that tiie blackberry is immune to the long-cycled rust from the hluck 
raspberry, but of course it w^ould first be necessary to prove this partiaib: 
sjiecies or variety of blackberry to be siiscejjtible to infection by tit 
sporophytic stage of the long-cycled rust from other blackberries, Sr- 
Kittatinny blackberries were sprayed on May 29, I922, \vit]i accidio 
spores from the black raspberry and six others with aecidiospores fro::; 
wild Ijlackberry found at Upper IMarlboro, Md. On July 19 a lew 
sori iqjpcarcd on leaves of each set, and on August 2 other leaves wta- 
fouiid well infected witli the rust from both sources, suggesting lli::- *Jk 
Kittatinny variety is susceptible to infection by the long-cyclcd liM 
regardless of whether the rust conics from the black raspberry or fr-v 
this wild blackberry. 

It will require much work to settle definitely the question of bioloa,- 
races of the orange-rusts owing to the diilicullies encountered in sv- 
temically infecting a susceptible plant wdth the gametopliytic slayt 
The difficulties can not be o\’ercomc nor the questions answered by void- 
iiig with the f.clial stage alone, because a plant might be siiscejilihlc V 
infection bv the telial stage of a certain strain Imt not be to its orango 
rust stage or vice versa. The long-cycled rust occurs on biackberrH-. 
dewberries, and black rasjiberries. Can tclcutospores be obtained witn 
equal readiness on the dewberry by sowing sporidia from teleu^^)sp•;'rc■^ 
obtained from each of the three types of hosts In spite of the evkieii'a* 
of his preliminary experiments, the writer can not believe that tlie ans’.\er 
to each question will be in the afTirinaLivc. 

During the fall of 1920, Mr. George Darrow had some plants of Rih- 
canadensis, the mountain blackberry, sent from Phillips, IMc., to Bd), 
l\Id., for breeding experiments. They were planted in a plot adjaccni 
to several cultivated varieties. In May 1921, these plants appeared Ji- 
be seriously affected with the long-cycled orange-rust. During Jno 
and August large numbers of teleuto sori were found on the leaves of 
mountain blackberries and spores Vv^ere not rare on the leaves of tK 
Ward, Joy, Mcrccreau, and the loganberry, shoving that in the \icinijy 
of Washington, D. C., the sporophytic stage spreads naturally from tiie 
mountain blackberry to several of our well-known varieties of othfj 
species. There, arc at Arlington Farm, Va., some loganberries adjaceiij 
to a wild dewberry originally obtained from Phillips, Me,, when in a-* 
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,nfected condition. On June 24, 1921, leaves of one of the loganberries 
!vlH.se vines intermingled with those of the infected dewberry, bore large 
n-niibers of tcleutos pores, Another loganberry was inoculated Mav 23 
J-rj., aeoidiospores from this dewberry. On July 21, teleuLo son were 
Imd on several leaves of the loganberry. One of these loganberries 
Ciii also become naturally infected \vith the “Kunkelia.” It will be 
Sn'icresting to learn whether this variety is susceptible to the gaiiicto- 
.‘ijvtic as well as to the sporophytic stage of the Oynmoconia. It does 
ly)t follow that a species or horticultural variety is susceptible to the 
'.lUiiLie-rust stage simply because its leaves can be made to mature 
Such an example of close heteroecism has not as yet been 
3e.;,Tihe^i, although it may occur, Several plants of the Iceberg variety 
Mackberrv were inoculated with sporidia from aecidiospores from the 
ivilil dewberry. Although shoots chosen for this work nere in the best 
...ndiiion for infection at the time, no positive results were obtained. 
'[h\< variety is very susceptible to the rust from other blackberries, and 
Mivlribly is not altogether resistant to de^vbc^ry rust. More work will 
iviioccssarv to prove this point. 

SUSCEPTIBLE VARIETIES 

Iktius nl di/Terent varieties of blackberries and raspberries have been 
with aecidios]>ores of the Gymnoconia without oblainiiig 
■dve.lcspores. Some of these failures have been due undoul^tedly to 
.'.adu' technic rather than to the immunity of the host to the sporojjhytic 
of the long-cycled rust. The Lucretia dewberry certainly ap- 
'■ipiaci'.cs complete immunity in North Carolina. The writer has never seen 

■ ■raij.uc-rust on this variety, although no attempts were made in the first 
cxpcriinental work to infect it. Inoculations of the Iceberg, Crystal 
’Viiile. Kittatinny, Jlilercercau, Jdowers, Ancient Briton, and the Cran- 
•'fi with the short-cycled form resulted in such success that the fniiiire 
: ■ ii-fcct a variety of blackberry received from a nursery under the name 

“Iva'A-toii” suggests that this form, wliatever may be its true name, is 
' "olciiily ininiune to the short-cycled rust. This variety formed so many 
r -i shoots in April, 1921, that it was especially chosen for infection 
■. .’.ants without anAdhing being knomi about its susceptibility, 
cr.arate experiments in which about 30 shoots were inoculated 
;i. \aMf'iis wavs were carried out. Since the conditions for infection were 
..111} as lavorable as were those which resulted in such marked success 

■ :di tiic Kittatinuy plants which grew near this “Lawton” variety, it 
wo.iaiiy must he very resistant. Several plants of tlic McDonald were 
a; rakted in the open, but no infection resulted. The attempts to 
aav; tiie “Lawton” were repeated in 1922 with still greater care but 
: :’;;.rLiotis were obtained. I'he Snyder blackberry also proved to he 
■y.'- resistant. The Taylor, Blowers, and Ancient Briton inoculated at 

■ yyicc time were easily infected. 

• aty separate sowings of sporidia were made on root shoots of culti- 
varieties of blac&erries in nature in 1921. Lrom i to 10 sluiots 
case were covered by the infection chamber, so on an average 3 
shoots were inoculated each time, Every attempt to infect the 
Lawton, as noted obove, resulted in failure. Only one pdant 
C: the ■’ Eldorado” variety was infected altliough a miml:)er of shoots 
sj^rayed with sporidia. The Eldorado is said to be resistant. At 
one shoot of the varieties mentioned was infected in each of the 
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other 48 trials. The number infected in each case is as follows; Cran- 
dall, 8 ; Iceberg, 23 ; Crystal White, 26 ; Kittatinny, 30 ; and Mcrcereau 
38 . The variety which was shipped to the writer as the Merct-r.^u 
appears to be the most susceptible. Many infections of this variety 
were obtained merely by spraying shoots or root sprouts with sporidia 
without using an artificial humidifier. The results obtained in later 
experiments, 1922 - 23 , but not included in this summary and not given 
in the table, furnish further evidence that our commercial varieties oi 
blackberry vary exceedingly in the degree to which they are susceptible u, 
orange-rusts. 

The Oregon Evergreen (Black Diamond) blackberry is said to be verv 
resistant to orange-rust, yet the writer found that it could be casil'v 
infected by sowing accidiospores from wild blackberry on its fuHv 
expanded leaves, tclcutospores developing in aliout six weeks. This 
variety, howev'er, may be at the same time very resistant to the ganieui- 
phytic stage of the long-cycled rust, and to the short-cycled form as well. 
The southern dewberry, Rubtis cnslenii, which is subject to attack bv 
the short-cycled orange-rust, was readily infected by sowing aeddio- 
spores of the long-cycled Gymnoconia from black raspberry on the leaves, 
vSo far as the writer knows, the accidial stage of this form has not been 
found on Rubiis {inslcuH, 

ORANGE-RUST AECIDIA ON C.WES AND FLOWERS 

If the mycelium, lodged in the perennial underground parts of a bluck- 
l)crry, penetrates a shoot bud and grows up with the cane, this cane, or 
any part of it bearing hyphae, does not blossom. The localized primary 
infections described previously are not included in this category, because 
the mycelium would be unable to reach the growing point and thus grow 
up with Uie cane. What at first appeared to be an exception to this 
rule was noted at vSalem, N. C., where several plants of the wild dewberry, 
Rubus enslenii, infected with the short-cycled orange-rust, bore aecidia 
on the fruit branches, leaf stalks, and even oii the calyx of flowers which 
were being formed in the normal fashion. These were cases of primary 
infection by sporidia; this was proved by a study of the distribution ot 
the niycehura. 

witches’ brooms o.n old canes 

The ultimate efTecL of the orange-rust on most plants if not disturbed 
by pruning is to cause the canes to become dw’arfed or spindling, and to 
grow out in large numbers from the infected crown. Such brooms should 
be distinguished from the small ones found at the nodes on certain old 
canes. It has been thought by some that these distortions are also 
caused by the rust which is so often found on the leaves at these points. 
The “double blossom” fungus appears to be able to attack the axial bud> 
of canes infected with the orange-rust so that in the spring botli par3site> 
are found together, but it is the “double blossom” fungus that caibOi 
the formation of the brooms. These malformations are most common 
in North Carolina and \’irginia, and do not often occur in northern 
regions on plants infected with the orange-rust, merely because of 
absence of the “double blossom” fungus. It is the parasite that h\e? 
for tlic most part on the surface of the {jrgans rather than the one founo 
witliin the tissues, that stimulates excessive development of buds 
canes. 
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DISTRIBUTION OF THE ORANGR-RUSTS 

The long'cvcled Gymnoconia is the only orange-rust kno\vn in h'urope 
. ^ ^\’hen it was discovered that there were two of these rusts in 

3nierica it was said that the short-cycled form was southern in its 
V.tribution and the long-cycled strictly northern, tlie former being the 
so destructive to the blackberries and dewberries gronm conimer- 
tllv. It is now known that it is no longer necessary to make pilgrimages 
1 1 ifartlett, X- H., for the Gymnoconia, because this rust thrives wherever 
black rasjiberry, Rtthiis occidcnialis, or its susceptible horticultural 
S iocties ma^■ grow. The writer has reported (5) that the rust is common 
i(.n bbekberries near Washington, D. C., and at Old Fort, X. C. He has 
icke found it in abundance on blackberries at Salem, X. C., the tvpc 
■j. oilitv of ‘Kunkelia nifens'' and at Cornelia, Ga. Germination tests 
^mxrtcd in a letter to the author by Dr. Dosdall, mycologist at the 
^M’iinescAa Agricultural Experimental Station, show that the Gynino- 
'0 nia is probably very common in that State. No doubt it will be found 
HvhiTCver susceptible blackberries grow. The short-cycled rust, having 
bcon recently derived from the other form, is less wiilely known- Its 
spread undoubtedly has been accelerated by commercial shipments of 
(iWasecl nursery stock from one part of this country to another. The 
toiiperatnre ranges through which the Gymnoconia thrives are not dif- 
fereiit from those suitable for the short-cycled rust, once each is 
t^iablished in its host. One reason why the Gymnoconia follows 
the black raspberry north and south and why this host is not attacked, 
fit least to any extent, by the short-cycled rust, is that the teleutospores 
biaUire at the same time that susceptible tip plants are being developed. 

I CONTROL OF THE ORANGK-RUSTS 

I .MeLliotls by which the orange-rusts can be eradicated have been sug- 
gt>ler1 in connection with the discussions of the infection experiments. 
Ii was pointed out that a blackberry can be freed from the orange-rust 
virv easily if the task is undertaken soon after the primary infection be- 
C'lipC's manifest. The mere snapping off of the infected cane at the point 
c; atlachnient to the root will suffice in many cases. When a number of 
sb -'ts in the form of a witch’s broom are found, it usually indicates that 
theiungus has invaded the root or its crown; it wdll then be necessary to 
dc'-troy this part of the root also. If the primary infection, however, is 
allowed to spread to the crown and root system the second year, so that 
new shdots are systeinically and secondarily infected, tlie \vhole plant 
iniisi be (lug up, care being taken to include the roots lor some distance. 

U has been sffijwTi that it is of the greatest importance to begin a 
planting with rust-free nursery stock. If the black raspberry to be used 
lias l)een propagated by rooting the tips of canes one may be reasonably 
of getting some infected plants — that is, if the telial stage of the 
bymnoconia is present in the nursery. Whether the tips of canes can 
he made to root early enough to avoid infection by the first sporidia 
lr<jin teleutospores or late enough so that no buds or shoots that can be 
ipiwted are formed before the frosts, are problems which will require 
turther investigation, If niirseryanen will destroy all infected canes' 
biore accidiosporcs arc shed, there will be no teleutospores in their 
propagating fields, and it follows that their tip-plants will not be in- 
hciec! when sent to the grower. 
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So far as controlling the short-cycled rust in the cultivated blackbtrr,- 
is concerned, the writer’s experimental work is showing that it is 
feclly practicable with a small amount of labor to prevent the sprti,^ 
of the rust. Primary infections by spores occur comparatively rarti-- 
in nature; thus, if one observes proper care for a period of two or ihrti 
weeks in early spring as soon as the first leaves appear, he can reaipv 
detect and destroy rusted canes before the niycelium has spread fari:;;;, 
the underground perennial structures and before the spores arc sla-J. 

The eradication of all rust from a held of blackberries where the d;,. 
ease has been of long standing would be a more difficult undertak-: 
In New Jersey and in other states one can find fields where from 25 pt- 
cent to 75 per cent nr more of the plants are infected. Such fields shoi;;: 
be planted to sonic other crop unless the grower is willing to lolloiviirj 
and desiro)' all roots connected with the rusted plants. 

Tlie work at Arlington, \'a., reported above, affonls a very g->od ilh;. 
tration of the enieaey of removing infected plants as soon as tlicy sh, v 
rust for tlic first time, The writer had about 130 cases of prii;viry 
infection; \vliere\er the rusted canes were pulled up so as to indnili 
parts of the root runner w’hich showed signs of infection, no rust appcaa-.i 
in 1923. In several cases w'here it vras recordeil that undunhu::;;.- 
pieces of roots bearing mycelium were left in the soil, rusted pl:r,;'.: 
showed in 1923, 

ih'ohablv one reason why infections by sporidia of the short-evded r.:r 
arc eoiniiarativclv so rare when one considers the vast number oi iicd :; • 
spore.s that arc matured, is that Lliese spores are rather waxy and thur- 
fore, like waxy pollen, are not blown for any great distance by tlic \vi:h. 
It would not be good practice, in any event, to allow a rusted plain 
remain in the field or to encourage a luxuriant growth ol nislcvl v, .; 
lilackberries in the ^dcinity of susceptible cultivated varieties. Tv : 
three days of wet weather at the time new shoots arc springing v.]> v c’: 
ceriaiidv result in a further spread of the disease by spores from iT;,;: 
near by. The rust can pass over just as easily from a wild blackberrv 
from a cuUi\’ated variety. 

SrM.M.\RY 

(i) A study lias been made of the distribution of the gairiet'''p!!} ;i 
mycelium of the shorl-eycled orange rust in tlie blackberry and 
and of the mvcoliiim of tlie long-cvcled rust in tlie blackberry, dtakury. 
and black raspherrv, In tire canes of t 1 ic blackberry in which cillwr r;;N 
has become firnilv established as a perennial parasite, hy]:)liae arc iivo’.; 
confined to the central pith and to the fundamental tissue of tlie 
regions. At tlie nodes traces of mycelium are sometiines found al"ij. 
rays in (lie wood and in the cambium and phloem. Hy]>luie pencp.y 
the roots vcr\' extensively, following lire cambium and sieve tubes ci n: 
root runner many feet. The cortex is also atteked, \ ery little 
is present in the wood)' tissue; there is no central ])ith in the root ■ 
plants arising from the infected root runners Vv’ill be infecte-y. 
spread of the rust from plant to plant in nature occurs frequently tnr<; w 
the connecting roots. I^Iycclinm invades tlie roots and rootlets oj y> 
fected dewberries very generally but does not follow a root to p.n\ .a 
distance. The rust is carried to new [ilarits formed at the rootipk 
by the invasion of these sprtvuts by hyphae from the,_ vines 
mj'ccliuni is distributed in about the same \vay that it is in the cxui*- 
blackberries. 
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;) The roots and rootlets of the black raspberry are attacked by the 
hv'hae, myceliiim being found not only along the rays but very generally 
in the wood ring and along the cambium and phloem. As in \he dew- 
the mycelium does not follow the roots for very great distances. 
Hviihae have been found in roots 8 or 10 inches long. 

Canes of a thoroughly infected black raspberry do not root at 
lips very readily; therefore the long-cycled rust is not so often 
spread vegetatiyely to tip plants from an infected parent. The infection 
0: VI A' young tip plants by sporidia from teleutospores largely accounts 
f,*: the appearance of the rust on new plants. The wild raspberry, 
oaidaitalis, and the horticultural varieties, Plum Parmer and 
C.;;:'.ber]and, were infected by laying black raspberry leaves bearing 
1e!e'jtaspores over rooting tips of stolons and maintaining suitable 
Ki. suire conditions. Infections of the black raspberry also occurred 
vht-n the teleutospores were taken from blackberry leaves. 

^ 4.. Susceptible blackberries can be infected with the short-cycled 
p-X hy sowing the sporidia formed on promycelia from germinating 
la-Li’iiospores on young root shoots; 150 separate primaty’^ infections were 
in this way. If a blackberry cane has been primarily infected by 
5. wing sporidia, the hyphae of the rust will be found in most cases to be 
C' n'ined to the cambium and phloem tissues. Only rarely do hyphae 
established in the tip of an inoculated shoot and grow up with 
ll'j ' cane as does the mycelium in a cane from an infected hill. U>calized 
knidophytic primary infections whic-h do not become permanently cstab- 
|;dxd scjiuetimes occur, especially if the young cane is several inches high 
^'K-n inoculated. A cane primarily infected usually blossoms normally 
at the infected nodes, but canes arising from an infected hill and 
Living mycelium in the growing regions from the beginning do not 
L-scin. Certain nodes may happen to esca])e invasions l)y hyphae; 
111 this ease blossoms will develop. 

1 Measures for controlling the orange rusts are suggested, emphasis 
|x-:ng laid on a thorough inspection of nursery stock for at least one month 
rur jilanting, and the complete eradication of plants showing rust. 
Ir::iiarv infections of blackberry from .sporidia are very characteristic and 
I'. :;rd do not involve the whole ])lant and its root system. A limited 
kv'UtU of the root directly connected with the infected cane will usually 
been invaded by the hyphae from abow, so the destruction of this 
PM Lane with a few inches of the root will be sufficient. If such canes 
p allowed to grow, the parasite soon becomes established in the root 
P"'n and it will then be necessary to uproot and destroy the whole 
bell. As a matter of safely in eveiy case the infected canes and all 
btiL'hod rwots should be destroyed. 

I ^ Iho infection experiments ]>rove : (a) That the short-cycled rust on 
K < bkickberry can infect such cultivated varieties as the Kittatinny, Ice- 
Fg, Mcrcereau, Crandall, Taylor, Blowers, Ancient Briton, etc. ; (b) that 
SfKirophytic stage of the Gyrnnoconia will go over from the mountain 
Fy D erry, Rubais canademis, to such varieties as the Ward, Taylor, Mer- 
pau, and Loganberry, and that teleutospores can be obtained on leaves 

E LLTiam blackberries and dewberries by sowing aecidiospores from the 
afN raspberry, which can in turn be likewise infected by sowing aecidio- 
■ ivs from the blackberry; (c) that the black raspberry can also be sys- 
•■ 5 ca!Iy infected with sporidia from teleutospores of the long-cycled rust 
It Mackherry. 

•MiS .!— 23 3 
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We have no reason to suspect U'lat the rust on the wild blackU-^-,.. 
is in any way unlike that found on the cultivated blackberries, or jj- , 
forms of the long-cycled rust on the blackberry and on the black 
berry are at all different biologically, except that certain strains :nav 
to be more vigorous in their parasitism. As between the systemic ii,', 
of the short-cycled and that of the long-cycled rust as tliey occur ?- 
different types of host plants, and as between these and the tele.;- ’ 
sporic or sporophjriic stage of the Gymnoconia as it is found on 
berry, dewberry and the black raspberry, it must be expected 
considerable difference will be found in the readiness with whidi 
ticular hosts can be infected. Later infection experiments tend to sV.’^ 
that the Iceberg blackberry which is very susceptible to attack bv u-.t 
short-cycled rust from the blackberry, is very resistant to the ns; 
from the wild dewberry. This short-cycled dewberry rust iiiuy be 
somewhat different biologically. 
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PLATE i 

Rulnis ocddentalis, i)lack raspberry, infected with the long-cycled orange rust. 

A. — Tip plant which was infected with s})uridiaof the Gymnoconia in August, 
pliotogratdied March, 1922, 

— Section through the cane at b in A: p, pith; x, wood ring or xylem; :ii. Cii::. 
biuin; s, sieve tubes; b, hard bast or stereome (tissues s and b constituting the plikc. 
k cork cambium; c, cortex; e, epidermis. Sections of the stolon at a and bc- .- 
sliowcd no hyphae; midway between a and b them was an abundance of mycfS.:- 
in the cambium and phloem, but none in the pith. Sections through the bas . 
each infected shoot revealed hyphae in the pith, phloem, and cortex. vSee figure: 
for furtlier details. 








PLATE 2 


Till.- 511U1II letters have the following significance: p, pith; x, xyleni or \Yood ring, 

ML-ond wood ring; m, cambium; s, sieve tubes; b, hard bast or stereomc; k, cork 
Liinl'nim or phellogeu; c, cortex; e, epidermis. 

A Cross section of root of blackberry. 

!;. '-Cross section of 2-year -old blackberry cane. Note only one wiood ring. 

I -SicLi'.in of infected cane of blackberry, No, 135, at c in Plate 6, A, just below 
'.ill [irolii crating branch, b. Note a partial second wood ring, y. Mycelium was 
Ciai i iinly in the pith. 

it- .Section below a primarily infected branch of blackberry' cane, No. 24. The 
iiivoTium grew dowm into the stem along the cambium tvhich was stimulated to form 
.> liiw ring of abnormal wood and additional phloem, in this section hyphac were 
'.la.i all larjiigh the wood in the second ring, y, and in the rays and plilocni. 



TLATE 3 

A. Cane and roots of a Crystal blackberry, No. 342 D, showing ba];.;, ; 

primary infections on two branches, k and I, of the old cane, uninfected tip eiib • 
cane, and branches cut off. No hyphae were found in sections of the cane -.ii 
base, and none in the roots at the cut ends show'n here. 

B, — I/3calizcd primary infection at one node of a cane of a Kittatinny blackiuTr 
Such local infections can not become established syslemically because the e. 
die naturally before the fungus can reach the underground perennial parts d:' t 
plant. Jf such infections occurred on plants grown in the greenhouse or in tlic .vj:;-.;. 
emmost states w^here the growing season is very long, hyphae would very liltly r 
able to reach the crown of the plant before the cane died. 









PLATE 4 

A,— CoHini'jn type of primary' infection of Icebcrs^ blackberry No. 334 F. The 
cane above is normal, blossoming profusely, and is free from mvcclium. Two or 
three new sh(X)ts are arising from the base of the cane, Hyphae have not yet invaded 
tlic base of the cane below' the ground, hut would have soon done so if tlie cane had 
an? been dc.stroyed at this time. 

IV Iceberg blackberry in which the growing point had been injured at the 
time the shoot was inoculated. The present main cane now in blossom, b, arose at 
oiKT jn»in an axial bud. This cane is free from the rust except at its lowest node. 
Several infected shoots have developed from th(“ basal part of the cane. The fungus 
lus a )' ycl invaded the root. 



PLATE 5 

A-- -Cultivated blackherry the second year after infection. The old canc'^ k 
stunted and witliout Ijlossorns. New shoots are in the form of a typical witcli’s b^xjm 
The longer the rust lives in a plant the more numerous and spindling become tr/.- 
canes, 

IL — Taylor blackberry with localized primary infections at the nodes sIioh;!!; 
etiolated shoots. Tlie upper part of the cane is perfectly normal and would hr-; 
borne fruit. Such an infection will nut become constitutional. The mycelium Ci' 
not reach the root crown before the cane dies naturally. 








PLATE 6 


A. systemic infection of Kittatinny blackbern’. Tlie axial bud of the 

shit iiuailated in 1921 developed at once into a branch 2 feet long. The terminus 
bniiu'h, instead of being winter-killed, as always occurs in normal canes in 
■ ciunate, remained alive and its terminal bud (a'') proliferated into a new shoot 
, ::i Mycelium was found only in the pith at a in the new shoot and at c in 

.lid eano; at the node between the old and the new growth and where Icave.s were 
tiivecliuin was found in the pith and in the mcdullaty^ ray gaps. A cross 
of this cane at c is shown in Plate 2, C; second ring of wood, y, is bcinn- devtd- 
):i die side below a proliferating shoot from an axial hud. 

;; Contrast the type of infection sliown here with the localized infection shown 
1;: Plate ^ The old canc, originally inoculated when a shoot, had died during the 
i-.rlv siiitimcr. but the mycelium was soon able to reach the root which lay near the 
5 :rf ic., of the sod, with the result that several buds were developed along the fusiform 
i:.. ;r.. .-ment of the root, all of the new shoots being systemicallv infected. Since 
i . - I’.ionei is now established in the runner, the root s>'stcin must be destroyed to 
■■'it the spread of the parasite. In case of a localized infection at the nodes some 
i::.a iu..v above the surface of the soil, the rust disappears along with the natural death 
(.■: t'-.e cane at the close of the season. 



PLATE 7 


A —Primary root infection of Mercercau blackberry No. 3p C. Ttie parent 
Kiving rise to the horizontal root now showed a large healUiy cane in blo&oin. 
root i8 inches long and one-half inch in diameter o ranched freely at 12 i ic.. 
then gave rise to a slender runner; at b, 14 inches from p a stub end of a 19.1 
cutoff accidentally; 32 inches farther, two new shoots, infected, from a swollen rci^.v.. 
of the ruiuier. Sections of tlie root at e, c., and e, showed no myce hum 
at c^ of the new shoot showed hyphae in the pith only. ITiis is clearly a ot 

infection although no wound scar is visible. . , _ 

B. -Root attached to No. 357 E. a Kittatinny 
root infection The parent plant, at the right, was normal, free from rust, .md ue,....., 
blossoms. Wound callus or scar on the root at w shows where 
the cortex of the root which lay very near the „ 

was found in the horitontal root at x, y, and z. bee text for further discus . 






o:SlSTANCE IN RYE TO LEAF REST, PUCCINIA DIS- 
PERSA ERIKSS,' 


j: B. Mains. Associate Botanist, Purdue University Amculiuml Experiment 
' and Agent, Office of Cereal lnvestigaiia>is, Bureau of Plant Industrw Untied 

-j.W Depariment of Agriculture, and C. E. LeighTy, Agionorrmt in Charge of 
Investigations, Offke of Cereal Investigations, Bureau of Plant Industry, 
i 'niti'd States Department of Agriculture ^ 

INTRODUCTION 

Hie leaf rust of rye, Puccinia dispersa Erikss., and its host are coex- 
vasive. disease has been found practically in all parts of the 

•V :i=l where rye is grown. The literature on this rust refers to it under 
s,v-ral different names. It belongs to that group of leaf rusts of cereals 
a-F.l 'viid grasses to which the name P. mhigo-vcra (D C.) Wint. w’as for a 
1 ;u' lime applied. Eriksson and Henning (p)^ separated this species 
iT'. uvo, P. glumarum (Schni.) Erikss. & Henn., the stripe rust, and 
■ y Aspersa Erikss., the brown rust of cereals and wild grasses. On 
:r.,Y..unt of dilfcrenccs in hosts, a number of races Avere recognized within 
[\ blown rust by Eriksson ( 6 ), that on being designated as P. 
\:: y.rsa f. sp. sccalis. Later the races on the other cereals and the 
V.;; I grasses were raised to specific rank by Eriksson (7) and given 
].:;;-iiiial names, leaving the name P. dtspersa for the nisL found on 
r.v. As such it has been most widely knowm in the literature which 
Lab voth this fungus as the cause of a disease of rye. Still other names, 
L.'.vver, have been apjihed to it in mycological literature, such as P. 
j- Gicve, P. asperijolii (Pers.) VVettst. , and Dicaeoma asperijolii 
HAr.-.: Kniilze. A full list of such names is given by Arthur and 
(/) in the North American Flora. 

I liic biology of this rust has been more or less completely worked out. 

' dispersa was shown by iJeHary {2) to produce its aecia on 
ojjicinalu and A. arvensis, results which were duplicated by a 
n.'.Fiber of others both in Europe and in this country. Apparently, 
h ■■•'tver, this aecial stage usually is not necessary for the survival of 
rust irom year to year, since it has been observed to live over winter 
r rye plant itself by Baudys (j), Treboux (/j), and others in Europe 
Piny CarleLon (4), Christman (5), and others in this country. That 
l!iv oiher cereals and the wild grasses play no part in the overwintering 
Pi >[)read of this disease of rye is evident from the work of Eriksson 
[' ' ami others, who have found that this rust is closely restricted to 
A"- 

'he severity of the disease varies in different regions, according to 
-Tiaiic conditions. Its severity also varies from year to year in any 
ioeality as weather conditions vary, but it is always present to some 
A'iit. Under favorable conditions, such as years with mild winters and 
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early springs with cool nights and heavy dcw^, the rust develops t' 
conspicuous extent in the principal rye-growing districts, so that 
ing time the plants have a reddish appearance from the developm^,,,^!: 
the iiredinia of the rust. The rye plant, however, is not killed 
disease, and shriveling of the kernels by this rust has never been 
Loss in yield is difficult to estimate, since the general prevalence of 
rust does not ])ermit any basis for comparison. On the other hand • 
is hardly probable that heavy infectious do not cause loss, for such iny,- 
tions destroy much photosynthctic tissue, draw heavily on the plat]--: 
supply of food material in the development of the rust and especialh - 
its large spore production, and increase evaporation through the rupt; '. 
ing of the epidermis of the rye leaves. All these are factors which vre- 
with the amount of infection, the vigor of the host plant, the coiidhi- 
of the soil, and the temperature and humidity of the atmosphere. As:' 
result, opinions vaiy' as to the amount of damage which may bt-j:--.. 
duced. That the aggregate loss, however, may be considerabk 
shown by the estimate made by the Plant Disease Survey of the Unitr ' 
States Department of Agriculture ^ for the year 1919. This is based lU' r 
reports from the various pathologists throughout the United States, :i;j: 
therefore, should he. a fairly accurate average. According to this estiii'a-.t 
the loss due to the leaf r\ist of rye in the United States for 191^ v,.^ 
placed at ,5,^8,ocx) bushels, a third of the estimated reduction of vie;:] '; 
rye from all diseases in that year. 

As v/ith other rusts of the small grains, there is no feasible inclh).;! -.: 
controlling leaf rust 01 rye by fungicides. Recause of rather C'.;;-'; 
winter survival of the rust in this country'-, elimination of tin- ulum.- 
host would be of little benefit, even it the latter occurred to anv exliv 
Cousecpiently, the discovery^ or development of a resistant strain (<i r; 
ap]iarently offers the only [jronnse of control of this disease. Wh-iij’.;.; 
investigations of a number of workers have determined the susceptif. ' 
of rye as a species to specialized races of Puccinia granzbib Pers. 'r. 
Erysiphe. grammis D C., as found on the other cereals and grasses, :i] 
ently no study has been made to determine whether varietal or indivib.:.: 
differences exist in tye as to suceptibility to diseases which arc sjxv;'., 
to it. A fe^v general field observations have been recorded. Sora.::; 
(ii) lists eight lym varieties as susceptible to “rust” in Cjcrmany andim. 
varieties as resistant, \mvilov (ry) states that opinions vary as li' r:; 
resistance of rye to P. dispersa, but that jaezew^ski holds Chanipa|,Vi 
and the ordinary “ bush v ” variety to be resistant and Novikn n- U’ 
resistance to leaf rust in Zealand, Danish Kampin, Probst, and Pcu'." 
rye.-’ Eriksson [ 8 ), in the case of the snow-mold disease, states I'u 
Pctkiis r}m is resistant, while Zealand is susceptilale. 

As Vavilov (ry) and others have pointed out, ry'-e is a cross-pollinat':' 
plant with nt) sharply defined botanical varieties, the commercial var.c 
ties differing in being constituted of somewhat different conipf-e 
Under such conditions, sharp varietal differences as to rust resistance y 
hardly to be expected, and the detection of resistant strains in 
complexes is difficult, especially under field conditions, where the pla^ 
are intermingled so that individuals are not easily distinguished. 

< U. S. ni'PARTMBNT 0? AGRICULTURE, BUkE.^U Of PL.^NT INDU.-TRY, PLANT 

Crop losses prom plant diskasbs in thk united states in 1939. la U. S. Dept.Agr., hx 
Indus., Plant Disease Bui. Sup. ti, p. 

* The writers wish to acknowledge the kindness of Mr. M. N. Levine, Assistant 
Cereal Investigations, Bureau of Plant Industry, United Slates D^jartment of Agriculture, la 
from the Russian Vavilov’s statements coneeriiiag rust resistance in rye. 
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It^ reported in this paper were obtained through a study of rye 
in pot culture in the greenhouse, where individual differences 
more easily distinguishable. The employmeait of this method has 
ilted in bringing out differences in resistance and gives promise of 
of considerable importance in the improvement of rye through the 
^ve^opiuent of disease-resistant strains. 

DISCO VKRY OF RYE RESISTANT TO LEAF RUST 

In the fall of 1920, three kernels from a rye head, supposedly fertilized 
l,v wheat pollen in the experimental nurseries at Washington, 1). C., were 
vn in the greenhouse of the Department of Botany, Purdue University 
\ rioiiknral Experiment Station, at La Fayette, Ind. 'ihe resulting 
^ nW-its were there inoculated with the leaf rust of wheat, P 7 icdmQ fnfidna 
d ries?., and the leaf rust of rye, P. dispersa. Plants grown from seed 
an oi)eii-fertilized head of the parent rye plant and from the variety 
Q wheat from which poTen had been used in pollinating the ry'c head 
■ utTC used as controls. The inoculation with the leaf rust of wheat pro- 
IcuLn! heavy infection on the wheat control but only slight infection on 
hlu' diree supposed hybrids and on the rye control. Inoculation with 
y/’ di'^pirsa, on the other hand, produced no infection oti the wheat con- 
Itr i, while on the rye control, one plant, No. 10, was highly susceptible 
; pi. I. D) and another. No. n, showed some resistance (PI. 1, H), as indi- 
(..laJ Ijv' the hypersensitive areas surrounding the uredinia. The three 
scjiposL-d hybrids showed an even greater variation, one plant, No. 7, 
'dng as susceptible (PI. i, C) as the susceptible control; the second, 
N>v (), being highly resistant (PI. i, A), as showm by the definite hyper- 
K-ndtive areas accompanying the uredinia; while the third, No. 8, was 
[radically immune. (PI. i, B) showing only a few small hypersensitive 
areas. T'hirty-three other plants from open-fertilized seed of the jiarent 
ne [^lant were then inoculated with the leaf rust of rye, 19 showing a 
high susceptibility similar to that of plants Nns. 7 and 10, 5 sliowdng 
s'-me slight signs of resistance, 5 showing a resistance similar to Nos. 9 
and II, and 4 a high resistance similar to No. S. The similarity in action 
(if the supposed hybrids and the plants growm from open-fertilized ly^e, 
at once threw doubt upon their hybrid nature. When grown to ma- 
turity ail proved to be pure ry'e, as was indicated by their reaction to 
the rust 

SECOND GENERATION RESUI.TS FROM RESISTANT PLANTS 

ihe first generation of the progeny from plants 7, 8, 9, and 10 has l>een 
studied as to susceptibility to leaf rust, in an attempt to Llirow some 
iij'lit on the nature and inheritance of resistance, with the ultimate 
object of obtaining pure rust-resistant strains of rye. In the spring of 
plants 7, 8, 9, and 10 were selfed by bagging the heads of each 
plant separately, and were crossed in various combinations by bagging 
the heads of two plants together in combinations as showm in Table I . 
from the seed obtained from tliese plants, selfed, crossed, and open- 
iertilized, 596 plants were raised in the greenhouse at La Fayette, Ind., 
ut the fall of 1921. Each w'as grown in a 3-iuch pot, and when in about 
the third or fourtli leaf, was tested as to its susceptibility to leaf rust. 
Alter being studied as to their susceptibility, a select few of each of the 
pnocipal types were transplanted to lo-inch pots and were selfed and 
crossed in various combinations again in the spring of 1922. The re- 
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niaiiiitig plants were all transplanted to the field, where they also v 
selfed and crossed in the spring of 1922, thereby furnishing consider 0’ 
material for further study. • 

Table I. — S’umber of seeds of rye oblaiv^d by selfing and by crossing plants 8 r 
10 in various combinations 


ruii( 

No. 


7 Selfed 

8 do 

9 do 

10 do 

7 Crossed by 8 , 
7 ’ Crossed by 9 . 

7 j Crossed by 10 

8 I Crossed by 7 . 

8 i Crossed by g . 

9 I Crossed by 7 . 
g I Crossed by 8 . 

10 ; Crossed by 7 

j Total . . 


o The remaimns heads in all cates were ooen leniliud aud produced a total of 3^7 seeds. 

Material dilTerence^^ were found in types of susceptibility in the spec;- 
mens studied. Nearly all kinds of intergradation between extreme sis- 
ceptibility and practically complete immunity were noted. The-e 
however, may be divided into about nine main types as shoum in Plate 
2, A- I.® Thus one group showed a high susceptibility (PI. 2, A) as indi- 
cated by the very large size and dark color of the uredinia, ajiproaehin.; 
in appearance those of Puccinva p/aminis. Under greenhouse conditioir 
this type usually produced from the outer portion of the niycelmir, a 
more or less perfect ring of uredinia enelrLding the one or two first forimi 
Another group (PI. 2, B) shov\'ed a somewhat less vigorous developriicn'.. 
the uredinia being smaller, somevy’hat lighter in color, and the encirdini 
uredinia being produced less frequently. A few individuals, having i 
type of susceptibility very similar to the last, showed also a few sma” 
uredinia in hypersensitive areas (PI. 2, D), This condition may jiosdb;.' 
indicate the presence of more than one strain of the rust in the culiuri- 
used or may represent a distinct type. Another group (PI. 2, fi) liar 
uredinia of fair size similar to the preceding, differing in that, mHc 
the host tissue in the infected areas did not show any especially dcdcterifis 
effect, the tiss\ie immediately surrounding tliese areas became chlon'tc 
and in some cases brown, resulting in the infected areas appearini; 
green islands. Another group (PI. 2, C), although having fairly laue 
uredinia, showed a lack of normal adjustment between host and rmt 
the more or less mottled or chlorotic condition of the host in the infccic;; 
areas. All of the remainder showed pronounced resistance as indiratcc 
by hypersensitive areas which developed in the infected spots. Thf'i: 

• PlaiilSfPl, 1. R> i.s of the same type of stist.'eplibility as that sbowuin Plate j.I; plaut? (Tl- 
in Plate s, H; tilaut ii (PI. i, E) as that in Plate 2, F; plants and 10 (I'l, i. C. D,) asllio.-t‘in ' 
A or ti Leaves of Uie pan'm plants 7. 8, i), and :o werf photographed natural size, shortly 
had apjieared. while the lypti.s given in Plate j wen’ i.'hotograpliwl, enlarged two diameters, aliw 
had reached its fullest development. This turojiils for the single scatUT«l uredinia shown ontw ' 
tiblc parents and the eiicirJiu;: ’oredinia in typo A, Plate 2. 


Number o[ , 
heads. '> hernf , 
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^.;uious degrees of resistance among these, some having itredinia of 
size each surrounded by a large, sharply delined killed area 
F): others having uredinia much reduced in size but usually 
. -mjanving each hypersensitive area (PI. 2, G) ; still otliers in which 
f.hvpcrseiisitive areas were numerous and definite hut only occasionally 
a small uredinium (PI. 2, H) ; and finally those wlicre the only 
was a few more or less indefinite hypersensitive areas, 
.'r'-ilinia being produced (Pi. 2,1). In all cases where hypersensitive 
1 .irv.ore present, they were of fairly^ good size, nothing which might 
r ' filed flecking apparently being produced. 

'’avilov {(4) gives a system of classification for the types of suscepti- 
shown by wheat varieties to the leaf rust of wheat, Pacchiw 
i ( ’iitj, a rust very similar in many ways to the leaf rust of ry^e. He 
!'-tes that this system is a modification of that used by Eriksson, in 
>4ch five degrees are recognized and are designated by numerals, from 
,110 pustules) to 4 (very pronounced susceptibility). Vavilov, besides 
.0X1' the numlier of pustules produced, considers the character of 
■I'nitpuient of the fungus of importance, such as the presence of killed 
reas with or without uredinia. A somewhat similar system of classifi- 
ationhas been used by Stakman and Levine {12) for the susceptibility 
,[ wheat varieties to stem rust, P. graminis. In a similar system of 
lassification, the types of leaf rust infection of ry^c should be arranged 

follows : 

f No uredinia formed; hypersensitive areas sometimes present and 
dd'iiiite, sometimes faint or absent. Plate 2, I. 

I. Frcdinia few, minute, in the center of definite hypersensitive 
areas; few to many hypersensitive areas without uredinia. Plate 2, 
li.G. 

j. Uredinia fairly abundant, moderate in size but always surrounded 
;jv hypersensitive areas; hypersensitive areas seldom without uredinia. 
i'blf 2, h. 

; I rc'diilia abundant, moderate in size, without hypersensitive areas 
l.'.n in some cases surrounded by slightly chlorotic tissue. Plate 2, C, B. 

.1. Uredinia abundant, veiy large, hypersensilivencss absent but 
uaciinia occasionally in green islands. Plate 2, A, E. 

X. A combination of several of the alxive types appearing on the 
liaive leaf, some uredinia large and without hyyer sensitiveness, otliers 
s, rail and accompanied by hypersensitive areas.' Plate 2, L). 

The manner of inheritance of rust resistance can not be determined 
i:M!; the results thus far secured. Ihe results obtained from the 
m sfes between the tvo resistant plants 8 and 9, however, are of interest 
a. till. 1 lime. From the seed obtained as the result tluse ciosses, iii 
joiiiis were grown. Of these, 2 showed a high susceptibility like A, 
Mute U; 7 were like B; 9 like C; 1 1 like 1 ); 19 like F; 38 like 0 ;_i 7 hke 
H: and 8 like I. In other w'ords, two rye plants sho\^ ing high resistance, 
crossed may produce in their ofTspriiig almost all degrees cf sus- 
:Cfi.'iil)i!ity. As shown in 'i'ablc I, the other crosses and die se’is Inriiishcd 
78 kernels altogether. The plants grown therefrom did not furnish 
^'..tiional evidence from w'hich definite conclusions could lie dra\vn. 
ii'i^dics of the iulicritance of susceptibility and re.dstance are licing 
kjiilinued with tiiis material. 
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RESISTANCE OF RYE VARIETIES TO EEAF RUST 

Further investigations concerning the susceptibility of r)^e 1 . 
rust were carried on in the autumn of 1921 to determine the susc^ 
tibility of a number of the principal rye varieties. Fifty-nine seltrcti,.- 
grown at Arlington Experiment Farm, near Washington, D, C., .Vj- 
obtained. All of these had been grown for two or more years ina^C 
cent rows and, consequently, some crossing probably had taken 
That there still existed considerable individuality in them; however, w'; 
showm by the variations in yield observed in the 1921 harvest. Sv 
varieties of winter rye and three of spring rye were obtained from M- 
R, R. Mulvey of the Soils and Crops Department, Purdue Umvtrs-rv 
Agricultural Experiment Station. Of these, the Rosen and Wisojn^^ 
No 2 varieties had just been obtained from the Michigan and Wisconsr 
agricultural experiment stations, respectively, where precautions 
taken to maintain their purity. The other varieties had been gro’.va 
close proximity for several years and doubtless had crossed. Additiona! 
pedigreed seed of Rosen rye was obtained from Prof. J. F. Cox, of Mich- 
igan Agricultural College, where this variety is maintained in a pure 
condition. Seed of Abruzzes rye was obtained from Prof. G. M, fkirroi 
of the North Carolina Agricultural Experiment Station, where it is tlij 
leading variety and, therefore, probably quite pure. 

TadIiU ll.^Dala on resistance of varieties and selections of rye to leaf rust, 
dispersa, at La Fayette, Ind., in 2 Q 22 


Abruzzes 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Common Spring 
Giant Winter 30- 9 


40- I 
40- 2 
40- 3 

40- 4 

AO- 5 
40- 6 
40- 7 
40- 8 
ft 40-47 
ft 40-48 
ft 40-49 

^40-55 

ft 40-56 

ft 40-57 
ft 40-59 

ft 40-61 


Do. 
Do. 
Do. 
Do. . 
Do, 
Do, 


30-n 
30-12 

30-13 

30-16 

Do I 30-17 


N. C. Agr, Exp. Sta. . 
Ind. Agr. Exp. Sta. . 

Cereal Inv 

... .do 

— do 

....do 

... .do 

do 

do 

... .do 

... .do 

... .do 

. . . .do 

... .do 

... .do 

do 

do 

do 

Ind. Agr. Exp. Sta. 

Cereal Inv 

do 

do 

do 

do 

do 

do 

do 


Number ; 
of plants < 
inoiu- ^ 
fated, i 


I’csis'iim i-li 


92 

72 

84 

S3 

80 

72 
88 
S3 
87 

73 
35 
29 
29 
48 
63 

134 

57 

6i 

57 

91 

59 

56 

38 

48 


Numbtr. j Per ;i~i 

' l\ 

i J i 

4 i +• 


4 i 

1 I 


yiijsil 


* Numbers precedins dash are Office of CereaJ investleations accession numbers; those foliowin* 
are row number in the Arlioeton Experiment Farm nursery at Washingtoa, D. C.. in *>^4 reyif - 
wiections (made in igrS) or strains, in most cases. 

* Selection made previous to 19 j 8, 
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P.BLS H — 0^ resistance of yo varieties and selections of rye to leaf rust, Puccinia 
‘ dtspersa, at Im Fayette, Ind., in /g22~Continued 



C. I. No. 

Sourc'v. 

j-int Winte*’. . ■ ■ ■ 

30-18 

30-19 

30-21 

30-22 

30-23 

138^25 

138-26 

138-27 

138-28 

207-46 

152-29 

: 152-31 
, 152-32 



I\) . . 


10 . . 


{ ■ 



do, . 

iltT.n 

1 V -4 

... do 

IK)-' 

[1^ 

do 

TL. 

do. 


.... .do. i 

' 

.... do .... . . ■ 

' ”llO 

do. 

Po 

do 

\\ inter .... 

Ind. Agr. Exp Sta 


108-62 

Cereal Inv 



’okus 


Ind. Agr. Exp. Sta 


»r.>litlc Spring . 

IcH-n 

IM 

Do 

It. I'.ihn 

‘Do 

Do 

klift Sprifii*. . 
It.ir 


fia'inia 

rtiTi Ruemker No. 

Do 

Do 


Do. . 


ion Ruemker No. 2 . . 

Do ' 

Vin'onsin No. 2 
Schlanstedt). 

jiinamcd 

Do 

■ I>o.... 

: Do 

Do 

. Do 

: Do 

: Do 


Number 
of plant? 
inocu- 
lated. 


.do. 

do. 


' 195-45 
13^.33 

13^^43 
ft 130-63 


128-24 

173-37 

173- 44 
^134-52 
^134-53 

174- 38 

174-42 


I 


=^39 

« 4 i 

^i 3 »- 5 i 

^58 
c I 78-64 
=183-65 


Mich. Agr. Exp. Sta. 

Cereal Inv 

do 

do 

do 

Ind. Agr. Exp. Sta . . 

do 

Cereal Inv 

do 

. . . .do 

... .do 

... .do 

... .do 

.... do 

Ind. Agr. Exp. Sta. . 

Cereal Inv 

do 

... .do 

... .do 

... .do 

... .do 

... .do 

. . . .do 


47 

59 

73 

92 

66 

64 

49 

63 

51 
63 
151 

59 
89 

92 

44 

78 

56 

169 

76 

44 

65 

82 

76 

108 

60 

78 

77 
56 

70 

77 

85 

33 

54 

52 

44 


Resistant plants. 


Ptr cent, 

2.9 
6.8 
2. o 

2.3 

2. 4 
2- 5 

2. t 

8-5 

1.4 

5- 4 

1- 5 

7.8 
4. 1 

6- 3 

9.8 

11. I 
6.6 

18.6 
18. o 
to, 9 

2 - 3 
5 - 1 

12. S 

4- I 
21. o 

3 - 3 
6. 2 
I. 2 
9.2 
4. 6 

3-3 

5- 1 

5- 2 

10. 7 

8.6 

6- 5 

18. a 

6. I 

14. 8 

15.4 
2 3 


Hleiticn made previous to iotR. 

. ut selections; 174-64 from Taurida, Russia, S. I’. I. No. 38692; 183-65 au unnamed lot of seed from Utah. 
•;< fcti<in .nadeat Cobleskill, N. Y., 1918. 

^iMiou made in Tennessee, 1918. 

^■fctummade at Cornell University, Ithaca, N, Y,, in i9it* 


Those v'lrieties and strains were tested by sowing a number of pots of 
about JO kernels being sown to a pot. When the seedlings were in 
the second or third leaf, they were inoculated with a culture of 
rust obtained from volunteer rye at La Fayette, Ind., and maintained 
greenhouse as stock material. Infection appeared in from 7 to 
' and when the rust had reached its maximum development, 
''ally about 2 weeks after inoculation, notes were taken. Table II 
>I 4 ,h. 3— 23 4 
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shows the results obtained. Plants showing types of infection c> j 
2 are listed as resistant. A few of tlie more highly resistant plants 
number of the varieties and strains were transplanted to larger pots 'j 
grown to maturity, being crossed and selfed to obtain material for 
work. 

An examination of Table II shows that one or more resistant 
were found in each of the varieties and selections. Considerable va-'!' 
tion apparently exists as to the number of resistant individuals 
found in these varieties and selections. This may be due in somecav^ 
to the relatively small number of plants which it was possible to 
The differences between such varieties and selections as Rosen, AbrujJl': 
40-55, 40 -56, 40-59, 40-4S, and Star on the one hand, and Giant 
Henry, and A'irginia on the other, probably represent varietal dificreii'v; 
in the occurrence of resistant strains. It may be that a number of -C 
strains of the latter varieties, w^hen in the pure condition, are entirp- 
susceptible, the small degree of resistance shown coming from cr.ij; 
fertilization with adjacent more highly resistant strains. It is, howpv- 
significant that such varieties as Rosen from Michigan, Abruzzes [r - ' 
North Carolina, and the spring ryes from Purdue University, all faifv 
pure varieties, show resistance. The data indicate that to some e.ur; 
resistance is to be expected in all the varieties of rye now comiudniv 
grown. 

DISCUSSION 

The discovery of rye individuals resistant to leaf rust of rye h 
considerable interest because of the lack of data or observationi 
disease resistance in this cereal. Although 68 selections of rye rf:«l 
senting about ry of the principal varieties grown in this countrv ’.vc; 
studied, no variety was found which was uniformly resistant. Asiycj 
almost always cross- pollinated, this would be expected unless a varT 
was selected with rust resistance in view. On the other hand, aii’.:; 
selections studied show'cd at least a few resistant individuals. T.i 
indicates, at least in all the varieties studied and probably in others 
well, that the factor or factors doterminmg resistance have not he: 
eliminated by the processes which selected varieties from the cna'.! 
parental stock. Rye varieties have been obtained largely by reptad 
selection of desirable types without precautions being taken to jiRw:! 
cross pollination. As a result, the varieties are relatively few aedv 
defined, differing mostly in ability to develop and yield well, and ecu;!'' p 
of many" strains, at least so far as disease resistance is conccrticd. ;- 
differences shown between the variou.s selections and varieties • 
proportion of resistant individuals may be. due to a difference in ’i' 
number of the susceptible and resistant strains cf which they luay •' 
considered to be const i Luted. 'Ihe constant crossing and rccr.?''- 

which must occur among these strains doubtless cause the number 
resistant in<iividuals to vary considerably, so that any" one test is prear' 
only a rough estimate. Before the exact degree of resistance in the 
ties can be determined, it doubtless will be necessary to estabU: • 
possible, a number of pure lines by repeated selfing and selection si::-- 
to the methods being employed wuth corn in this country. 

The data obtained arc insufficient to justify drawing conclusioa^ ' 
to inheritance in rye of resistance to leaf rust. It is obvious that a 
ber of generations of breeding will be necessary before the genetic c ' 
stitution of material of such complexity can be known with any fl*-’'-' 
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• -iiracy. The results obtained by crossing the two plants, 8 and 9, 
.iant to leaf rust, however, are suggestive. The appearance of two 
susceptible and seven susceptible plants in the progeny from 
't cross strongly indicates tliat resistance is dominant. The appear- 
'a- of so many difTereiit types in the offspring is confusing. Whether 
than one pair of factors is involved, or one main pair with rnodify- 
factors, as Puttick (ro) has suggested as an explanation for the 
It,o:irance of different types of susceptibility to Pnccinia gnimiuis in 
‘"^rJeWtes from a Marquis-Mindum wheat cross, or whether we have a 
■"inlir of segregating strains of rye which in homozygous condition 
rjav differ in respect to type of susceptibility, must be determined by 
■'liire sludv. It is evident, however, that the problem of oljtaining 
“^..resistant strains of rye is complicated not only by the high degree 
/self sterility and the consequent slow progress which can be made 
,v melting, but also by the dominance, as seems probable, of the desired 
i:;ilitv of resistance and tlie consequent longer process of breeding 
It/ire it is certain that a pure homozygous strain has been obtained. 


SUMMARY 

[I Rve plants have been found 'which show high resistance to and 
-1 some cases practically complete immunity from the leaf rust of rye, 

\ dispersa Erikss. 

:: Sixty-eight selections and varieties of rye, including such varieties 
; Ahruzw'.s, Giant Winter, Henry, Invincible, Ivanov, Mammoth \Ahn- 

Mexican, Petkus, Rosen, St. John, Star, Von Ruemker, Wisconsin 
' : (Schlanstedt selection), and a number of unnamed introductions, 
iTc 'tiidicd as to susceptibility to leaf rust. 

c Xonc of these varieties or selections was uniformly resistant. 

All of tliesc varieties or selections showed at least a few individuals 
[{Vinq; high resistance. 

^ Crosses made by bagging heads of two highly resistant jilants 
ivfhor showed .gradation in the susceptibility of the plants produced, 
ar.'ing fioni high siiseeptihility through intermediate grades of rcsis- 
ino- to complete immunity. 

^ The production of susceptible individuals from a cross between 
‘S'l.'irit ones indicates that resistance probably is doniinani. Idle 
r'ductioii of intermediate types, however, would indicate complicating 
ictors. 
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PLATE l 

Types of susceptibility shown by rye plants to leaf rust, Pucctnta dispersa. A- 
"T-LS'showing the resistance of rye plant 9. Note the hypersensitive atcas a»d 
“'D.-Ua“showtag the high resistance of rye plant 8. Note the few hypcisensiti,, 
”'c-Uaf“stawii!;^ fhTsusceptibility of rye plant 7. Note the large uredmia aad 
lack rf^hyMnsitivenc^^^^^.^,^.^^ of rye plant to. Note the large uredinia lit 

‘“'e.-lS *D“^ng'th?™derate resisttmce of rye plant ii. Note the hypersensiSv. 
areas and the large urcdinia accompanying each. 






PLATE 3 


Types of susceptibility shown by offspring of seifs and crosses between rye plants 7, 
S, 0. and 10 to leaf rust of rye, Puccinia dispersa. X2. 

A — Uredinia very large, often circular. Type 4. 

H —Uredinia midsized, less often circular. Type 3. 

C — Uredinia midsized, infected areas somewhat chlorotic. Type 3. 

D — Uredinia midsized or large, sometimes accompanied by definite hypersensitive 
spots. Type X. 

E. -Uredinia midsized or large, infected areas green, bordered by chlorotic tissue. 

F. — Uredinia midsized in large, definite hypersensitive spots. Type 2. 

G. — Uredinia small in less definite hypersensitive spots, the latter sometimes 
without uredinia. Type i. 

H — Hypersensitive areas abundant, only occasionally containing small uredinia. 
Type 1. 

F —Hypersensitive areas few, indefinite, no uredinia produced, Type o. 




UN'DESCRIBED orange pest from HONDURAS* 

By A. C. Baker 

Enicmologisi, Fruit Insect Investigations, Bureau of Eniomologv, United States 
Department of Agriculture 

When specimens of the “citrus blackfly" {Aleurocanfhus wo^lumi 
Ashl)y) were first studied by Dr. A. E- Quaintance and the writer, there 
\\A< no indication that in a few years it would become one of the most 
important of orange pests. It was known only as an undescribed 
atevrodid occurring on the orange in certain parts of India and Ceylon. 
Apparently it was held in check there by natural factors. Its new 
environment in the Western Hemisphere, however, has lacked these 

factors. 

In March, 1920, Dr. W. M. Mann took a species of this same family 
l Alcvrodidae) atCeiba, Honduras, where it occurred abundantly on orange. 
As will be seen from Plate 2 , the species is controlled in its natural envi- 
ruiinient by the attacks of parasites, and it is therefore of potential im- 
portance to the citrus-growing regions of otlier countries where it might 
Ixcome established without these parasites. It seems wise to present a 
description of it, so that those interested may be acquainted with its 
appearance. 

Aleurodicus (Metaleurodicus) manni, n. sp, 

Kgg - Length 0.256 mm., width o.og6 mm. Color yellowish, sometimes with a 
l.ro’.Miisii cast Shape regular, not conspicuously flattened; stalk at extremity of egg, 
short The stage available for study has a spherical orange colored body in the center 
(1; till' egg. 

I-iRST ivstar (larva) (PI. I, A).— Length 0.32 mm., width 0.14 mm. Color under 
the microscope transpari;nt, with the exception of some orange-yellow on the abdomen 
;i:u] tlie purple eye spots. Margin entire. Twelve pairs of spines present, five pairs 
n:i the tiiorax and seven pairs on the abdomen, caudal and caudo-lateral pairs longest. 
Cnijuioimd abdominal wax pores not visible. Vasiform orihcc subcordatc with the 
liagula included and rather bro.id distad. Abdominal segments distinct. AntciinaE 
'1*;. T. Hi of three segments, long, slender, without bend, and tipped with a stout 
Iriir Legs (PL i, C) extending considerably beyond the margins of the body, distal 
sigmcnt with one rather long curved claw and a stout spine, proximal segment with 
along hair. 

Secovij ixsr.\R (i.-'^rva) (PI. i, D). — Length 0.48 mm., width 0.304 mm. Color 
sriDiar to that of the first instar. Margin entire. Vasiform orifiee subcordatc, with 
tix Imgula large hut shaped similarly to that found in the pupa case. On the caudal 
I' lrtifin of the dorsum, m the region occupied by the caudal pair of pores in later 
inst.es IS a pair of small purelike structures in which a central process can be distin- 
<uisnea iFl, on the thorax also are present two pairs of aliout equal size, one 

I'lar Hist ccphalad of the eyes and the other pair half way between them and the 
■nj l'.mmal hne. Legs short and thick, terminating in a long spine. Within margin 

ii svnes ot small setae. 

fuiRi) rxsr..\R (larva) (PI. i, I^), ■ Length 0.656 mm., width o..-j96 mm Color pale 
■i.ifmislj Of brownish, the yellow prominent on the abdomen. Small eye spots 
entire. Vasiform orifice. (PI. i, Gj siihcordutc, lingula large and 
h!f n spines. Thorax with two pairs of reduced compound pores 

Uie.se situated apparently in a different region from those found in the previous 
(PI. 1, H) with a distinct central nrocess. Twelve pairs of spines 
inkTr'^^ stibmarginai area.^Legs heavier .and shorter than in the previous 
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Fourth instar (pupa casB) (PI. i, I). — On the leaf the pupa case (PI. 2) app^ 
entirely covered with a mealy white secretion and rests upon a short wall of 
wax which remains as a ring when the case is removed. From the largest pai^ • 
abdominal compound wax pores, the most anterior pair, tW'O large, rather coar^ 
rods extend for long distances in graceful curves. The two pairs caudad of tliis 
est pair possess similar wax rods, but these tods are more slender and somewhat short ^ 
The more caudal pairs of pores are without rods. There appears to be no woo^ 
secretion present. A pair of rods also extends from the cephalic pair of pores. Und/ 
the microscope pale yellowish brown in color or almost entirely transparent whitis))^ 
Size about 0.992 by 0.72 mm. Compound pores of seven pairs, of which one pair is 
cephalic and six pairs abdominal; the three caudal pairs, near the va.siforra orifict 
are greatly and equally reduced, being similar to the two reduced caudal pairs com 
monly found in species of Aleurodicus (PI. i, J); the two pairs cephalad of these onlv 
partially reduced, being functional as indicated by the wax rods extending from ihem 
(PL I, K); the anterior abdominal pair largest and most complete and situated slightly 
farther mesad than the other fimctioning pores (PL i, L): cephalic pores quite similar 
in general appearance to the median abdominal ones. Margin entire. Dorsum with- 
out any noteworthy sculpture. Va.siform orifice somewhat cordate hut with the ac 
tcrior margin straight; operculum filling less than half of the orifice; lingula e.xtend- 
ing to the caudal margin of the orifice, occasionally a trace beyond, armed with four 
Stout, curved, spinelike hairs, Tlie presence of the compound pores in the pupa case 
as compared with the earlier instars is worthy of note. Certain of those present in 
the second instar seem to be lacking in the third and reappear again in the pupa. 

Fifth instar (adult fkmalr).— The adults available for study were prcservti) 
dry and therefore are not in a good condition to study, the more delicate parts beiii;^ 
greatly shrivelled or broken. Length from vertex to tip of ovipositor o.oq 6 mm 
Galor brownish yellow with a greenish tinge. Wings transparent, except for tht 
powdery covering and a slight clouding, under the microscope clear transpartnl 
with the costal margins reddish brown. Length of forewing 1.36 mm., width at tht 
junction of R, and R, 0 592 mm., greatest width 0.64 mm. Antenn* not in a crni 
dition for study, but evidently rather long and slender and imbricated. Vasifurm 
orifice prominent with a slender lingula. 

Fifth instar (adult malk). — Unknown. 

Type. -Cat. No. 26072 United States National Museum- 
Described from eggs, larvse, pupse, and adult .females in balsam 
mounts, and pupa cases, etc., dry upon the foliage. 




PLATE I 

AUuToiicus [Metokurodkw) manni 

A. — First instar (larva). 

U. — Antenna of first instar. 

C. — Leg of first instar. 

D. — Second instar (larva). 

E. - Porelikc structure and central process on caudal portion of dorsum. 

F. -Third instar (larva). 

G. — Vasiform orifice of third instar. 

H. — Pore and central process of third instar. 

I. —Fourth instar (pupa case). 

I. — Compound pore of a caudal pair of fourth instar. 

K.— Compound pore of fourth instar with wax rods extending from it. 
I,.- -Compound pore of anterior abdominal pair of fourth instar. 



Plate I 


• .:r5criL'od Or.ioje Pest fnr'i Honduras 
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PLATE 2 

Aleurodicus (Metakurodicus) manni 
Infested orange leaf showing exit holes of parasites in the pupa cases. 



